Editorial 


The Position of Phonocardiography 
in Clinical Medicine 


For the past 150 years, auscultation has maintained an important, 
and justified, place among the diagnostic methods of Clinical Medicine, 
and particularly of Cardiology. It is often forgotten that the most 
important data of clinical auscultation were known and correctly evaluated 
at the time of Potain. Splitting of the heart sounds, triple rhythms, the 
opening snap, the characteristic rhythm of mitral stenosis, the harsh 
systolic murmur of aortic or pulmonary valvular stenosis, the soft diastolic 
murmur of aortic or pulmonary insufficiency, the soft systolic murmur 
of mitral or tricuspid insufficiency were correctly evaluated before the 
end of the last century. Subsequent progress in auscultation was mostly 
due to rediscovery of forgotten data and their correlation with exactly 
measured hemodynamic or autopsy data. 

The slow progress of auscultation in the last six decades is due to 
two main reasons: one is the acumen and enthusiasm of the clinicians 
who reaped the early harvest in a fertile and virgin field; the other is 
represented by the limitations of the auditory system of man, and of 
physical diagnosis in general. 

The following discussion will explain why even the best trained 
cardiologist may not hear, or may misinterpret, certain auscultatory 
phenomena. 


Limitations of the Auditory System 


The auditory system of man is able to perceive vibrations from about 
15 cycles per second (c.p.s.) to about 12,000c. p.s. while the heart 
creates vibrations between | and 1,000c. p.s. However, sounds between 
15 and 30 are poorly heard on account of the marginal ability of 
the ear to perceive them (low subliminal band on account of frequency), 
and will be perceived only if they are of a certain magnitude. Thus, 
the 3rd and 4th sound, certain normal vibrations of early systole and 
early diastole, and certain rumbles of mid-diastole are heard only if they 
are unusually large. They may become larger on account of tumultuous 
filling in diastole or rapid ejection in systole because of pathological 
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narrowing of a valve (stenosis), increased rapidity of the heart beat 
(trachycardia, effect of exertion), increased rapidity of flow (anemia, 
hyperthyroidism), or the magnification obtained through the use of an 
electronic stethoscope. The different auditory threshold of different observ- 
ers and the varying degrees of output explain the frequent controversi es 
occurring at the bedside, which enliven the clinical “life” of a hospital 
but prevent auscultation from becoming a standardized and exact method. 

Another auditory limitation occurs at the upper limit of cardiac 
vibrations, between 500 and 1,000c.p.s. In this area, the vibrations are 
usually of extremely small amplitude and may not be heard, being too 
weak, even though they are in the best auditory range (high subliminal 
band on account of magnitude). 

Between 60 and 500, the auditory system of man has a curve of 
sensitivity which grossly follows a logarithmic slope. Any increase in the 
frequency of a sound will cause it to be heard as a “louder” sound, if 
it has the same magnitude. Thus “loudness” is a purely physiological 
characteristic, which is the result of two physical variables: ‘“ magnitude” 
and “frequency.” 

Another limitation of auscultation is due to the phenomenon of “ mask- 
ing.” A loud vibration may prevent the ear from hearing other vibrations 
which follow it in close succession. 

Other limitations may be caused by the extremely rapid succession 
of cardiac cycles (tachycardia) or their irregular sequence (arrhythmia). 
The former may confuse the observer through equal duration of systole 
and diastole, and abnormal pitch, tonality, and duration of the heart 
sounds. Arrhythmia often leads to confusion, not only on account of lack 
of regularity of the cycles, so that there is no way to gain information 


by listening to repetitive phenomena, but also because, on account of 


different duration of the phases of diastole and systole, cardiac murmurs 
assume entirely different duration, Joudness, and pitch from cycle to 
cycle. 

It is often forgotten that some of the difficulties of auscultation are 
due to two shortcomings: one is the lack of an accurate “timer”, like 
that represented in graphic methods by the simultaneous recording of an 
electrocardiogram or a carotid pulse tracing; the other is the impossibility 
of slowing down sound vibrations which follow each other with great 
rapidity. This is easily remedied by phonocardiography, which spreads 
the vibrations and separates them, due to the high speed of the recording 
film (it can be remedied also by recording the cardiac sounds on a rapidly 
moving tape and then listening to them while the tape moves with a 
slower speed). 


A frequently occurring source of controversy is due to the fact that 
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an observer hears a certain sound or murmur on a certain day while 
others cannot hear it on subsequent days. This fact is usually due to 
changing conditions of cardiac dynamics or may be related to progression 
or regression of pathological phenomena. It can be remedied by immediate 
recording of the phenomena on a tape or on a phonocardiographic film. 

It should then be admitted without misplaced shame that phonocardio- 
graphy is superior to auscultation because : 

(1) it preserves a permanent document ; 

(2) it does not suffer of the multiple limitations of the human 
auditory system; and 


(3) it permits accurate timing of the cardiac phenomena. 


The Technical Progress of Phonocardiography 


Phonocardiography has made considerable progress since its begin- 
ning. It is now generally accepted that the electronic method is superior 
to the others, and the best instruments are based on this method. 

Knowledge that the low frequency vibrations of the precordium have 
a far greater magnitude than the others has required the application of 
filters or equalizers to the system. However, no unified system of filtration 
has been adopted as yet. Most Companies use high pass filters, which 
have the advantage of being cheap and easy to use. However, only a 
fixed number of filters (from 3 to 5) is installed, so that, while these 
systems have certain advantages in routine clinical application, they do 
not give the best results for an exact study of the heart. This is why the 
writer and his coworkers have advocated: 

(a) a band pass filter (limitation of the vibrations both from below 
and from above yields a better tracing, with fewer artifacts marring the 
baseline) ; 

(b) selection of six bands (15-30, 30-60, 60-120, 120-240, 240-500, 
500-1,000) which scan the most important field of frequencies generated 
by the heart (those below 15 can be recorded by other apparatus); and 

(c) use of high frequency galvanometers for accurate recording of 
the high frequency vibrations. 

By means of this system, phonocardiography records with fidelity 
both the low pitched rumble of mitral stenosis and the high-pitched blow- 
ing murmur of aortic insufficiency. 

It is well-known that most murmurs present definite pattern or “shape” 
in a phonocardiographic record. Moreover, the tracing exactly reveals 
the relationship of the murmur to the heart sounds. The pattern is so 
characteristic that it often enables the observer to decide whether the 
murmur originates in one of the semilunar valves (diamond-shaped mur- 
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mur) or in one of the atrioventricular valves (all-systolic or decrescendo 
murmur). It has recently been proved in the author’s laboratory that 
high frequency phonocardiography often reveals the “shape” of a mur- 
mur better. 

Another problem, which is often clarified by phonocardiography, is 
the intensity of the aortic and pulmonary components of the second sound. 
Diagnosis of aortic stenosis is aided by documentation that the aortic 
component of the second sound is smaller and delayed, causing in extreme 
cases a “paradoxical splitting” of the 2nd sound. The same is true for 
pulmonary stenosis (pure or associated with a septal defect), where the 
pulmonary component is small and delayed. Clinical auscultation may 
be misleading because the weak component may be overshadowed by 
the louder component of the other valve while phonocardiography clearly 
shows the exact data. 

Clinicians often ask two questions: 

(a) is this murmur “functional” or is it the result of an organic 
valvular lesion? 

(b) is this murmur the result of an obstructive stenosis or is it only 
caused by a minimal, non-obstructing lesion ? 

These questions cannot be answered off-hand by phonocardiography, 
even though certain graphic data, described by the writer, often permit 
to make a reasonable guess. It should be kept in mind that an answer 
to these questions involves the most complex process of clinical evaluation 
and that sometimes even catheterization of the heart does not supply 
sufficient data. Only accurate evaluation of flow, pressure, and pressure 
gradient across a valve, plus their correlation with the physiologic require- 
ments of the patient, would give the answer. 


True and False Mitral Stenosis 


In order to show how useful can be phonocardiography, we shall 
briefly list (Table I) the various possibilities which may lead to the clinical 
diagnosis of mitral stenosis. They are gathered from personal data, and 
the final diagnosis was confirmed by left heart catheterization, surgery, 
or autopsy. 


ALDO A. LUISADA 
Chicago, Illinois 











The Normal Heart Sounds in the Japanese— 
The Normal Phonocardiogram. I. 


Hideo UEDA, M.D., Zen’ichiro UOZUMI, M.D., 
and Tsuguya SAKAMOTO, M. D. 


Using a miulti-filter system phonocardiograph, 200 normal 
phonocardiograms of the Japanese were analysed, showing the ranges 
and the variations with age, and refering to some peculiar phonocar- 
diographic features in the Japanese. The intensity of the apical Ist 
heart sound was greatly influenced by the P-R interval even in a 
comparison of the “different” subjects. The 2nd heart sound was 
usually loudest at the pulmonic area, but not infrequently transmitted 
downward to the apex, particularly in the older age group. In 
comparison of the basal 2nd heart sounds, the one at the pulmonic 
area was usually louder than that at the aortic even in a half of the 
older cases. 


rr % we begin the study of the “pathological” heart sounds and 
murmurs, it is very necessary to establish the standards for the 
“normal” condition. Although one of the most difficult problems even 
in the present medical researches is to decide what the normal condition 
is, the establishment of the range of the normal heart should be the most 
important and basic problem in the field of cardiology. 

As far as the normal heart sounds are concerned, it is surprising to 
find how little have been studied compared with the pathological heart 
sounds and murmurs, except the studies as far back to 1940, made 
by Schiitz,? Orias and Braun-Menéndez,” Wolferth and Margolies,® 
Mannheimer,” and Rappaport and Sprague.” Moreover, other sporadic 
reports were confined to the certain characteristics of the normal heart 
sounds or those in the limited age groups. 

This report, therefore, deals with the phonocardiogram of 200 persons 
with normal heart and illustrates the value and range of the normal 
phonocardiogram, particularly with respect to the Ist and 2nd heart sounds. 
The parts concerning the normal diastolic heart sounds and the normal 
systolic murmur, and the normal phonocardiogram of the aged will be 


From the Second Department of Internal Medicine, Faculty of Medicine, University of 
Tokyo, Tokyo. 
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reported in the succeeding papers.” 


Meruops AND MatTERIALs 


Two hundred subjects, aged from 4 to 72, were studied. They were 
selected at random from those who had gone through mass-examination during 
1959, and were considered as normal after careful examinations including past 
history, physical examination, fluoroscopy and electrocardiogram. In older age 
group, urinalysis and examination of ocular fundus were also made. All cases 
with serious past history and those with senile pulmonary emphysema were 
excluded from this study. The distribution of the cases according to age and 
sex is listed in Table I. 


Table I. Age and Sex Distribution of the Case 





Age 4~7 8~13  14~16 17~19 20~29 30~39 40~49 50~59 60~72 
Male 8 6 6 6 28 18 18 17 3 
Female 3 5 3 6 24 13 18 11 7 
ll 11 9 12 
Total 52 31 36 28 10 
43 


The younger cases are arbitrarily divided into 4 groups: kindergarten group 
(4~7 yrs.); primary school group (8~13); middle school group (14~16); high 
school group (17~19). 


The phonocardiograms were recorded in each case using a “multi-filter 
system phonocardiograph,” which had already been reported by one of the 
authors.?> The recordings were made in a supine position at the end of expira- 
tion at the 4 auscultatory areas, and, if necessary, the recording was also made 
at the Erb’s area. In addition, the recording was made during normal respiration 
at the pulmonic area in order to examine the respiratory splitting of the 2nd 
heart sound. 

All measurements were made on 4 to 5 successive heart beats or more and 
their averages were used. Usually the Medium PCG was utilized routinely and 
other PCG were also used, if needed. Paper speed was 80mm. per sec. and 
such a speed facilitated for the measurement up to 0.01 sec. Another method 
used for special estimation will be mentioned in the respective items. 

The analysis of the phonocardiograms is concerned with the heart sounds 
and the items are as follows: 

A. Durations and time intervals, including the time relationship to the 
electrocardiogram. 

B. Loudness, including the intensity ratios and the relative loudness 
between the sounds or grade of intensity. 
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Resutts AND CoMMENTS 


1) Total and partial durations of each phase of | st sound (I S) 
and 2nd sound (II S): 

The Ist sound complex has been divided into 4°» or 5” components 
and the 2nd sound complex into 4 parts.» From the clinical and 
practical standpoint of view, it is convenient to divide both heart sounds 
into 3 phases, as have been done by Luisada et al. and others.*%*!” 
These 3 phases consisted of the first small and slow, the second high-pitched 
and rapid, and finally the third small and low-pitched vibrations. They 
were measured in both apical and basal PCG. 

Table II shows the average durations of IS, IIS and their 3 phases, 
and Fig. 1 shows the variations of the averages of I S at the apex and 
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Fig. 1. Variation of average durations of heart sounds and their phases 
with age. 


IIS at the base from different age groups. Though the differences in the re- 
cording system and the method of measuring make it impossible to compare 
our data with others, »’»~!'” it is apparent that the 2nd phases of both 
sounds, which are those heard on auscultation, have the longest durations 
in adolescence and become shorter in both earlier and later life. ‘This is 
especially remarkable in II S of the aged. This finding may correspond 
to the snappy II S on auscultation in the aged and also in children. 
The 2nd phases of both Ist and 2nd heart sounds are divided into 2 
high-pitched vibrations, causing the splitting of the sound, but this will 
be mentioned in the following item. On the other hand, the prolongation 
of the total duration of I S in the aged was mainly due to the prolonga- 


tion of the 3rd phase, the small and slow vibrations of vascular origin, 











7) 
N 
~* 


SI 19ULI0J Jy} ‘oTUOW]Nd sy? 3e Jey) UBY? JOpNoy st wale NNIOe 9Yyi 3B G J] UOYM 





“JUQUIOINSBOUT IOF pasAyeue 


‘oms0e8 9y} Je ULY) wore sTUOW]Nd dy) 


}@ Japnoy skemyje st ¢ J pue ‘ease otuowjnd oy) jo sfutoes} ul poinseour Ayjensn aie spunos jivay [eseq jo uoNeing 


PI 
rs ZI 
. 
< “ul 
<a 
> O11 
Zz 
z'éI 
a 
Z o's! 
2 
aH 61 
a Let 
< 
a CZI 
se 
-] 611 
< 
— 

4 
x 
S [B10], 


9% GC 2 
yo Ib LZ 
oS bh 1S 
Ch OF TZ 
Sr BC CZ 
6% 6S 22 
9r L9 LO 
Or OL LZ 
sé 9 $2 
f& €9 2 
€ @ I 
aseyd 
aseg 


Zl 


1210, 


punosg PuosI0g 


OS $b 


cs SE 
Ig o¢ 
oS OE 
e¢ Ith 
cr 


= 
o 


0 
o 
—_ 
Ko) 


€ @ 


aseyd 


xody 


87% 


8'sI 


VOI 
Vl 
O'sI 


[10], 


8b 6¢ 


9 8s 
¢¢ 09 
Le 9¢ 
c¢ 6¢ 
8+ LS 
¢¢ +9 
bE 99 
rE Gg 


62 +9 


I'¢ 


i 
aoa an NN Of 


9 FI 


PST 
0'sT 
Lei 
ccl 
8 
| 
PST 
6¢I 
Lél 


[210 1, 


punosg WILY 


oS 29 
8¢ 6¢ 
¢¢ 19 
es 6¢ 
09 09 
y¢ O09 
€¢S 69 
bb FL 
$* £9 
ce +9 
ss 
aseyd 
xody 


002 


| 
82 
9€ 
I€ 
as 


al 


Soser) 


J° “ON 


aBe19aAy 


[[B-49A9 


tL~09 
6¢~0¢S 
6+ ~ OF 
66 ~ OF 
62 ~ 02 
6I~LI 
9I~FI 
€I~s8 
& “9 


asy 





(‘99s QOI/T) 


SOseUd toy T[, pure spunog leap jo uot eING] IBLIIAY 


TT Fel 








430 UEDA, UOZUMI, AND SAKAMOTO Jap. Heart 


October, 1961 


which may be increased by sclerotic process in the aorta as one becomes 
older. 

2) Splitting of heart sounds: 

Both I and II S may consist of 2 high-pitched components in the 
2nd phase and cause the split heart sound on auscultation. They are 
ascribed to mitral and tricuspid closures,?*!?°!?*!® or A-V valve closure 
and semilunar valve opening”’®’!»*!® in the case of I S, and the time 
difference of 2 semilunar valve closures in the case of II S.'” Here, the 
incidence of the split sounds and the intervals between both major de- 
flections, measured in the Medium PCG, were investigated. In addition, 
relative loudness of these components were analyzed. 

a) Splitting of IS: The splitting of I S was found in 136 out of 
200 coses (68%). The interval of splitting 2 components varied from 
0.02 to 0.05 sec. with a mean of 0.030, as previously reported.!?>!97!9> 18) 
There were little differences in its incidence among different age groups 
except the aged above 60, in which the incidence decreased slightly (Fig. 2). 
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Aside from the exact origin of the 2nd component of I S, the split- 
ting of IS with an interval up to 0.05 sec. was rather common than 
generally realized, irrespective of age. Leatham!” found that the Ist 
component is louder than the 2nd at the mitral area and the reverse 
is true at the tricuspid area. In the present study, this was shown in 
69% of 136 cases, but 24% had the louder 2nd component at the apex 
and 7% had the still louder | st component even at the tricuspid area, 
though the 2nd was louder at the tricuspid area than at the mitral in 
all cases. 

b) Splitting of II S: The splitting of II S was found in 134 cases 
(67%), and the interval between 2 components varied from 0.02 to 0.055 
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sec. with a mean of 0.032. In both children and younger adults, the 
incidence was more than 85%, while in the cases above 30 both degree 
and incidence of the splitting decreased considerably as one grows older 
(Fig. 3). In almost all cases with the splitting II S, narrow splitting was 
seen even during expiration. 

The splitting of II S is a rather physiological phenomenon, as stated 
by Potain,'” and is frequently observed in younger subjects.*” In fact, 
Barber et al.? found the respiratory splitting in 100 children without 
exceptions. The mechanism responsible for this splitting is the delayed 
appearance of the pulmonic components during inspiration.'”’* Recently, 
Boyer and Chisholm®” found that the early closure of the aortic valve also 
contributed to the splitting during inspiration, and Shafter*® confirmed 
this mechanism. During slightly labored expiration suspended at its end- 
phase, the interval between 2 components becomes wider than that during 
usual expiration,» and this fact may be responsible for the relatively 
wide splitting during expiration in our cases. 

The | st (aortic) component of split II S was usually louder than the 
2nd (pulmonic) component (95.5%) at the pulmonic area. However, 6 
(14%) out of 43 cases below 19 years of age and 3 (6%) out of 52 cases 
of the 3rd decade had the pulmonic component louder than or equal to 
the aortic at the pulmonic area. Even at the apex, the 2nd component 
was clearly recorded up to the High PCG in 8 cases below 30 years of 
age (8%). This fact in our present study is somewhat dissimilar to those 
reported in foreign literatures.'??!?°*® 

3) Q-I interval: 

The Q-I interval, measured at the apical Medium PCG, ranged from 
0.03 to 0.065 sec. with a mean of 0.050. The distribution and variation 
of every age group are shown in Figs. 4a and b. The Q-I interval had 
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Fig. 4. (a) Distribution of Q-I interval. 
(b) Variation of mean Q-I interval with age. 


a tendency to increase with the age up to 20 years old and thereafter 
little changes in mean values were found, 











432 UEDA, UOZUMI, AND SAKAMOTO mag 


The distribution and the mean value of the Q-I interval in our study 
are almost identical to those previously reported.”’”*!®*2)-2® ‘Though the 
results of Craige* had a wide range of this interval, others showed a 
mean value varying from 0.04 to 0.055, and these values are important 
to decide the delayed appearance of IS in mitral stenosis?’ *)*?°? and 
in other pathological conditions.”**?°*® Although Strober and _ his as- 
sociates*® reported that Q-I interval had some correlation with the body 
height, this prolongation may be accounted for the physiological develop- 
ment of the heart concomitant with growth of the body. 

4) Q.-II interval in relation to Q-T interval: 

In all cases, the Q-T intervals fell within the normal limits based on 
the Lepeschkin’s graph,*” and II S fell within 0.04 sec. before or after 
the end of the T wave of electrocardiogram except 4 cases, in which 3 
(1.5%) of total cases showed the physiologic Hegglin’s syndrome*” (Fig. 5). 
Such a case was also found in about the same percentage of normal 
subjects.*» 

Q-II intervals were longer than (48%) or equall to (25%) the Q-T 
intervals and both intervals showed a tendency to be prolonged within 
normal limits in the older age groups. 
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5) Loudness of the normal Ist and 2nd heart sounds: 


The loudness of the heart sounds is usually determined by the 
comparison with the other heart sounds (relative loudness) or calibration 
methods*’”*%#-4) (absolute loudness). The latter method has many 
complicated problems and limitations, but we are not able to find 
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any other simple method for calibration of the heart sounds and murmurs. 
As previously reported, our phonocardiograph is equipped with a calibra- 
tion device” and “intensity ratio” is decided by the ratio of the 
amplitude of the sound to the height of calibration wave. The relative 
loudness was determined by the ratio of the larger to the smaller sound 
of either IS or II S. Both measurements were made at all areas in the 
Medium PCG, which may give graphically a similar impression to the 
auscultatory findings. 

a) Relative loudness of the | st and 2nd sounds (I-II or II-I ratios): 
Fig. 6 shows the distribution of this ratio in the apical recordings. When 
II S is louder than I S, the ratio II-I is calculated. As clearly seen in 
this figure, in about two thirds (69%) the amplitude of II S is greater 
than or equal to that of IS even at the mitral region. At the base, IIS 
has a greater amplitude compared with the one of IS in all but 8 cases, 
in whom I S was of relatively great amplitude over the entire precordium. 

Generally speaking, I S is louder than IIS at the apex,*”-* though 
Levine and Harvey*® and Ravin*® state that the reverse may be true in 
some cases. As seen in the results obtained, it is worthwhile to observe 
that a number of cases has the louder apical II S compared with I S. 
Moreover, such a characteristic was more clearly seen in higher character- 
istic PCG. For example, Fig. 7 shows the relative loudness of I S and 
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Fig. 7. Relationship of apical II-I or I-II ratio in Medium-Low, 
Medium and High PCG (20~29 yrs.; 52 cases). The ratio II-I is calcu- 
lated when II S is louder than I S, and the ratio I-II when I S is louder 
than II S. 


he 


II S in 3 PCGs with different filter in 52 persons aged from 20 to 29. 
With some exceptions, there was a definite tendency that at the apex IIS 
becomes greater in comparion with I S in the High PCG, in which the 
low frequency component is much attenuated. This mainly results from 
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the relatively higher frequency of II S than that of I S. From these 
observations and the characteristics proper to human acoustics,” the 
apical II S, which has a greater amplitude and higher frequency, should 
be heard much louder than I S, though the latter showed a little 
longer duration as previously mentioned. 

It may be worthwhile to discuss what are the determinants to the loud- 
ness or intensity of the heart sounds. In this respect, a number of reports 
have been published particularly concerning the intensity of IS in normal 
or pathological conditions. Some of them will be discussed later, however, 
as far as the relative loudness between I and II S is concerned, another 
important factor is the constitutional determinant, namely the great vessels 
are near the chest wall in the Japanese compared with the European. 
Though this assumption is not ascertained in the present study, the definite 
transmission of II S to the apex, even of the pulmonic component as pre- 
viously mentioned, may be a possible mechanism of the louder apical 
II S in our study. 


b) Intensity of I S: Fig. 8 shows the intensity ratio estimated by 
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Fig. 8. Intensity ratio of I S at the apex and base. 


calibration method, in which we can see this ratio varies widely from 
0.2 to 13.5. Relatively great intensity ratio was exclusively found in the 
youngest group, and the majority of cases (95%) had the value less than 
6.0. The apical I S showed a greater ratio than basal I S in all cases. 

The Ist sound is usually loudest at the apex!®»4?>43))4) or at both 
apex and tricuspid area.**’*” From the calibration method, IS had the 
greatest intensity at the apex in 70% of cases, whereas the remainder at 
the tricupid area. 

The intensity ratios of I S in the 3 out of 5 different PCGs in our 
phonocardiograph are shown in Fig. 9, in which it is found that the 
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Medium PCG demonstrates I S most clearly with least amplification. This 
fact may be explained by the predominance of lower frequency component 
of | S and is responsible for the quality of this heart sound such as 
designation of “lubb.” 
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Fig. 9. Relationship of intensity ratio of apical IS in Medium-Low, 
Medium and High PCG (20~29 yrs.; 52 cases). 


c) Determinants to the intensity of I S with particular reference to the 
P-R interval: ‘There are many cardiac and extracardiac factors influenc- 
ing the intensity of I S.48°* Among these, it has been well known that 
the intensity of I S has a close relationship to the P-R interval of the 
electrocardiogram as seen in the cases of complete or partial A-V 
block,°”-># acute rheumatic fever with changing A-V_ conduction,*” 
extrasystoles®»’>® and other arrhythmias.®*”’®? Since the variations in the 
intensity of I S in subjects with these conditions are mainly determined 
by the position of A-V valve at the moment of ventricular contraction, 
a case with prolonged P-R interval (above 0.20 sec.) shows a faint IS in 
a limited range, whereas a case with short interval (below 0.12 sec.) shows 
a loud I S. Though this relationship between the intensity of IS and 
the P-R interval was also observed in healthy persons with normal A-V 
conduction time,» it is more interesting to find the same relationship 
among “different” persons. Fig. 10 shows this relationship in 52 cases 
of young adult group aged from 20 to 29, and it is obvious that the 
intensity of I S determined by the calibration method among different 
persons has a definite relationship to the P-R interval. Fig. 11 also clearly 
shows this correlation, in which the mean of intensity ratios at each P-R 
interval in 3 groups, children, younger and older adults, are plotted 
againist the normal variation of the P-R intervals. In younger adult 
group, the intensity ratio of I S in a case with P-R interval of 0.14 sec. 
is higher than that of 0.13 sec., but this is an exceptional case because 
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the latter is the only one case in this group as seen in Fig. 10. It is 
obvious, therefore, the intensity of I S is strongly influenced by the posi- 
tion of A-V valve at the moment of ventricular contraction, so that the 
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Fig. 10. Relation of intensity ratio Fig. 11. Relation of mean intensity 
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52 cases). This figure is schematized in 


the succeeding Fig. 11, in which the 
intensity ratios of apical I S at each 
range of P-R interval are averaged and 
represented by dotted line. 


P-R interval is by far more important determinant than the others to the 
intensity of I S even in the normal persons. In fact, there was no relation- 
ship between the intensity of I S and heart rate in this study, though 
Heintzen®” and others found some correlation between them. 


Another interesting problem is the relationship of the P-R_ interval 
to the apical I and II S ratios. Fig. 12 shows the incidence of the case, 
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Fig. 12. Relationship between P-R interval and apical I-II 
ratio (Incidence and number of cases with louder I S than II S 
at the apex at each range of P-R interval). This figure includes 
the selected 62 cases with louder ] S than II S at the apex, 
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which has a louder apical IS than IIS, in relation to the P-R intervals. 
In 6 cases with lower limit of P-R interval (0.12 sec.), the apical I S was 
always louder than II S, 2 out of 3 cases with P-R interval of 0.125 sec. 
were the same, and in 47 cases with P-R interval of less than 0.145 sec., 
36 (77%) had greater apical I S than II S. On the other hand, in a 
greater number of cases with relatively long P-R interval the reverse 
was true. Thus it may be well to say that apical II S is essentially louder 
than I S, as previously mentioned, except the smaller group with relatively 
short P-R intervals. 


d) Intensity ratio of II S: Fig. 13 shows the intensity ratio estimated 
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with louder II S at the aortic area than at the pulmonic. 


by calibration method, in which this ratio varies from 0.2 to 16.0. 
Though this range is wide, the majority of cases (95%) have the ratio 
less than 8.0, and the greater ratios are most likely to occur in younger 
people, as in the cases of I S. 

The 2nd heart sound is usually loudest at the base (pulmonic or 
aortic area)*”’4») or at the pulmonic area and/or the 3rd. left intercostal 
space.” In the present study, II S had the maximal intensity at the 
pulmonic area in a greater number of cases (81%) aged less than 19. 
However, our results showed that II S was not infrequently loudest at the 
lower sternal border or even at the apex, and 13% of total cases had 
the maximal intensity of IIS at the apex. This was particularly true in 
the oldest age group, in which a half of cases had the maximal point of 
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II S at the apex. 


the aortic area was seen in only 7 cases (3.5%). 
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On the other hand, the maximal intensity of II S at . 


The rare incidence of 


the maximal point in this region is an interesting finding in the study, 
and is discussed in the following item. 


The intensity ratio of II S at the base in the 3 out of 5 different 


PCGs is shown in Fig. 14. 


They are measured in a group aged from 


Intensity Ratio of Basal [IS 


1 2 


w 
— 
on 
a 
x 
oo 
wo 
> 





Medium 
Low 


Medium 


High 





Thier \ nok 


RAINS RA 
NWA NAAN 





iY 
IY 


| 
\\ 
Aan: 
MANN ANY 
\ v" 














Fig. 14. 


High PCG (20~29 yrs. 


Relationship of intensity ratio of basal II S in Medium-Low, Medium and 
« OP ened 
; J Cases). 


20 to 29 (52 cases), and it is found that the High PCG demonstrates II S 


most clearly with the least amplification. 


This means that II S has a 


much preponderance of higher frequency compared with I S (cf. Fig. 9). 
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This fact is responsible for the quality of II S such as designation of 
“tup.” 

e) Comparison of relative intensity of II S at the pulmonic and 
aortic areas: Fig. 15 shows the result of a comparison of the intensity 
of If S at the pulmonic and aortic areas in 3 age groups, below 19, 
between 20 and 49 and above 50. As seen in this figure, 82% of total 
cases had louder II S at the pulmonic area than at the aortic. This is 
particularly true in children and also even in a half of the oldest cases, 
Moreover, in the majority of cases which showed louder IIS at the aortic 
area, there was not so much difference between these 2 sounds at both 
areas. In addition, these cases had the maximal intensity rather at the 
lower sternal border or at the apex. 

Generally speaking, II S at the pulmonic area is louder than that 
at the aortic in children and adolescents, whereas the reverse is usually 
the case in the adults.4?°4"47>49) Of course, II S at the pulmonic area 
consits of 2 components, aortic and pulmonic, but in the majority the 
former is louder than the latter, so that the comparison of both basal 
II S in physical examination is mainly confined to the fact that the 
transmission of the aortic component is good or not. ‘Therefore, it 
is obvious that the comparison of the loudness of basal II S means 
much to the accentuated II S at the aortic area as in the case with 
systemic hypertension, in which a half of cases have louder II S at the 
aortic area than that at the pulmonic area.® Moreover, the louder II S 
at the pulmonic area should be examined whether component of II S has 
accentuation, because the aortic component is not only frequently best 
heard in this area, but also the ringing loud aortic component of II S 
may have the maximal point even at the pulmonic area.*” The loud IIS 
at this area in cases of Fallot’s tetralogy or the good II S in cases with 
pulmonary stenosis is also related to the aortic component of II S, but 
not the pulmonic one.®” 


SuMMARY AND CoNCcLUSION 


Using a multi-filter system phonocardiograph, 200 phonocardiograms 
of the normal Japanese were analysed, showing the ranges and the variations 
with age, and refering to some peculiar features in the Japanese. 

(1) Among 3 phases of both heart sounds, the 2nd phases had the 
longest duration in adolescence and became shorter particularly in the 
aged, corresponding to their snappy heart sounds. The 3rd phase of the 
Ist heart sound in the aged prolonged and/or increased by sclerotic process 
in the aorta. 

(2) The splitting of the Ist heart sound was rather physiological 











440 UEDA, UOZUMI, AND SAKAMOTO Jap. Heart J 


October, 1961 


phenomenon and was found in 68% of cases, with an interval of 0.030 sec. 
on the average between 2 components. 

(3) The splitting of the 2nd heart sound was also physiologic, 
particularly in younger persons, and the over-all average interval between 
2 components was 0.032 sec. ‘The narrow splitting was also seen even 
during expiration in most cases with the splitting. 

(4) The Q-I interval was 0.050 sec. on the average and had a trend 
to increase with the age up to 20 years old. 

(5) The physiologic Hegglin’s syndrome was sometimes seen in the 
normal subjects (1.5%). 

(6) The Ist heart sound was loudest at the apex in most cases, and 
the 2nd heart sound was commonly louder than the Ist heart sound even 
at this area (69% of total). Concerning the loudness of the Ist heart 
sound, both the absolute intensity estimated by the calibration method 
and the relative one determined by the comparison to the 2nd heart 
sound at the same area were so influenced by the P-R interval that the 
shorter this interval, the louder both intensities. This relationship was 
remarkable even in a comparison of the different subjects who had various 
intensities and P-R intervals. 

7) ‘Though the 2nd heart sound was usually loudest at the pulmonic 
area, it showed the maximal intensity at the lower sternal border or even 
at the apex, particularly in the older age group. The 2nd heart sound 
was rarely maximal in intensity at the aortic area, and in comparison 
of the basal 2nd heart sounds, the one at the pulmonic area was usually 
louder than that at the aortic area even in a half of the older groups. 
These findings may suggest that the aortic component of the 2nd_ heart 
sound, aside from the diminution of the absolute intensity in the aged, 
is well transmitted to the pulmonic area as well as downward to the apex. 


(This report was presented by H. Ueda at the 24th Annual Meeting 
of Japanese Circulation Society in April, 1960, in Osaka.) 
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Follow-up Study of Renal Blood Flow in Patients with 
Essential Hypertension—Changes in Those under 
Natural Course and under Antihyper- 
tensive Treatment 


Jugoro TAKEUCHI, M.D., Kouji NAKAJIMA, M.D., 
Tadanao TAKEDA, M.D., Keigo SUZUKI, M. D., 
Shosaku NAKAYAMA, M.D., Takao IKEDA, M.D., 
Gosuke INOUE, M.D., and Hideo UEDA, M.D. 


Although precise investigations of renal blood flow in hypertensive 
subjects have been made from various approaches, a little has been 
known on prognosis of renal blood flow. For the evaluation of 
long term prognosis of renal blood flow in patients with essential 
hypertension, follow-up study was made in 61 patients with natural 
course. 

The average observation period was 3 years. Significant decrease 
in follow-up renal blood flow from the control value was observed 
in 31 of 61 cases. The survey was analysed in relation to various 
factors such as sex, age, retinal finding, value of renal blood flow, 
and blood pressure, etc. 

Some comparative study was made from the other survey of 66 
patients with essential hypertension in whom continuous antihyper- 
tensive treatment was sustained during the follow-up determinations 
of renal blood flow. 


She changes of the kidney function in arterial hypertension have 
long been investigated from various approaches. Since the introduc- 
tion of clearance techniques by Smith and his associates” for the quanti- 
tative estimation of renal function, these techniques have brought a bril- 
liant advancement in the pathophysiology of the kidney function and 
moreover in the concept on the etiology of hypertension. ‘The renal 
hemodynamic status of normal subjects?-» and patients with essential 
hypertension” -'» has been estimated from the approach of clearance 
techniques during about 2 decades. ‘Though some hypertensive patients in 
initial stage disclose normal values in their renal blood flow and/or cor- 
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respondingly almost normal histological findings in their kidneys, there has 
been general agreement to the fact that there is a reduction of the 
effective renal blood flow or glomerular filtration rate correlated inversely 
with the degree of blood pressure in a group of patients with essential 
hypertension. It has been widely accepted that persistent elevation of 
arterial blood pressure must play a vital role on such reduction of renal 
blood flow. 

Although there have been precise evaluations on renal blood flow 
in patients with essential hypertension, only a few follow-up observations 
have been published in which sequential changes of renal blood flow 
were evaluated in the same patients, especially in their natural course. The 
authors have studied an observation of 61 followed-up hypertensive pa- 
tients in whom serial renal blood flow was determined by means of 
clearance methods before and after the averaging 3 years’ follow-up 
periods of time during their natural course. It is a problem worthy of 
evaluating what changes are observed on renal blood flow in such group 
of patients after a long period of time, and what factors, if any, may 
account for these changes. 

On the other hand, another similar problem arises in a group of 
patients who have been receiving an adequate antihypertensive treatment. 
In this paper, a group of 66 patients who had been under the blood 
pressure control by the continuous treatment with antihypertensive 
drugs were also studied in comparison with the former group of the 
patients. It may be justifiable to postulate that some vascular deteriora- 
tions in various organs of hypertensive patients can be prevented by 
antihypertensive therapy which has developed in the last decade. Hitherto, 
several investigations!» -'®) demonstrated follow-up observations on changes 
of renal blood flow in patients with prolonged antihypertensive treatment, 
and presented or suggested an exemplification on that problem from the 
view point of renal functional status evaluated by the use of clearance 
techniques. 

In this paper, the changes of follow-up renal blood flow in 61 patients 
of natural course were studied, and some comparative studies were also 
made in relation to the other survey of 66 patients who had _ been 
under the continuous antihypertensive therapy. 


MatTerIAL AND Metnop 


The patients with essential hypertension of various severities who had renal 
blood flow (RBF) determination at their first visit to the 2nd Department of Internal 
Medicine, Tokyo University Hospital were taken for the study, and the follow-up 
study was made by re-examining the RBF after more than 7 months. Con- 
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sequently, 61 patients who had no systematic antthypertensive therapy during 
the follow-up periods of RBF composed Group I (untreated: group) for this 
study. As a rule, intial RBF determination was made during a control observa- 
tion period of | to 2 weeks, and it served as the control value (C-RBF). 
‘Though follow-up RBF was determined more than once in a few patients, the 
last follow-up determination was the one used for the analysis in this study 
and was referred to as F-RBF. At the time of C-RBF determination, 41 of 61 
cases were in hospital. In general, except in 8 of 41 cases, the F-RBF deter- 
mination was made at outpatient clinic. The follow-up periods during F-RBF 
ranged from 7 months to 8 years with an average of 35 months. Table I 


Table I. Vital Statistics in Group I 





No of av, Age "Blood Blood AV, C-RBF “O) pesiog. 
Pressure Pressure , (months) 
Male 40 54.5 213/114 187/108 657 36 
Female 21 50.2 211/112 189/107 702 34 
Total 61 52.9 212/113 188/108 661 35 


presents the summary of the vital statistics in Group I. The C-RBF and other 
routine examinations were performed in this period. Patients with evidence of 
primary renal diseases and with obvious clinical manifestations of anemia, 
edema, heart failure, or uremia were excluded from the study. At the 
time of the F-RBF determination, complete history during the follow-up period 
was taken and other routine tests were also re-examined. All patients of 
Group I did not receive antihypertensive therapy because of several reasons as 
follows: the lack of adequate drugs at that time in one forth of them; the 
voluntary discontinuing of the medication; or in some cases, the insufficient 
indication for an intensive therapy, etc. As a whole, it was considered that all 
patients in Group I were followed-up in their natural course, since such an 
incomplete medication as found in some patients had been temporarily received 
regardless of their blood pressure control, and this might scarecely act anything 
on their natural course.’® 

On the other hand, 66 patients were selected from a group of approximately 
150 cases* who had had repeated follow-up determinations of renal blood flow 
during the period of long-term antihypertensive therapy in Hypertension Clinic 
in our Department of Medicine. Group II (treated group) consisted of 
these 66 patients, and served for a comparison with Group I. The patients were 
selected on the bases of following criteria: the same follow-up studies were made 
simultaneously as in Group I; the follow-up determinations of RBF were made 
yearly or more during the period of completely sustained blood pressure control ; 


* The survey of such cases were reported elsewhere!”>'” analysing the effect of prolonged 
antihypertensive treatment on renal blood flow. The analysis of the survey for itself is not 
the purpose of this study. 











446 TAKEUCHI, ET AL. nag 7 


the latest period of F-RBF was longer than | year. The therapy consisted of 


administration of various antihypertensive drugs, including Rauwolfia alkaloids, 
hydralazine, various ganglionic blocking agents and chlorothiazide derivatives, 
etc. Most cases received a combination of 2 or more drugs and all 
patients had an indication for the active antihypertensive therapy. Conditional 
collaterals other than those described above in Group II were similar to those 
in Group I. The summary of the vital statistics in Group II at the initial visit 
to the hospital was presented in Table II. 


Table I. Vital Statistics in Group II 





Av. Initial Av. Control 
No. of Av. Age Blood Blood Av. C-RBF 
Patients (ml./min.) 
Pressure Pressure 
Male 34 48.8 220/120 199/116 745 
Female 32 49.3 218/119 197/111 644 
Total 66 49.1 219/120 198/113 696 


The RBF in this study was calculated from the value of p-aminohippurate 
clearance. All determinations except in a few cases were made by means of 
the single injection method." The degree of the change in F-RBF from 
C-RBF was represented in per cent of plus or minus value, calculated as follows ; 


ad oa Cae 100% : and this value of change was used for analysis 


of the follow-up changes. When the value of change exceeds plus or minus 
20%, the change was regarded as significant in increase or decrease, respectively. 


Resu.t 


The distribution of the changes in renal blood flow from the control 
values (C-RBF) to the follow-up values (F-RBF) in Group I is shown in 
Fig. 1, in which the patients are classified in 4 subgroups according to 
their C-RBF values. After averaging 3 years, the features of RBF distribu- 
tion were changed as seen in Fig. 2, from 2-A to 2-B. The average C- 
RBF was 661 ml./min. with a range of 102 to 1,350ml./min. The C-RBF 
changed to decrease to 506ml./min. on an average with a range of 35 
to 1,330 ml./min. (F-RBF) after the follow-up period of averaging 35 months. 
Thirty-one (51%) of 61 patients fell under the group of “ decrease” (cases 
with more than —20% change of F-RBF from C-RBF); 26 (42%) and 4 
(7%) cases were in “no change” and “increase”, respectively. 

The data in Group I are investigated from several points of view 
on the factors including sex, age, retinal finding, RBF values, blood pres- 
sure, and period of follow-up time. 
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Fig. 1. Distribution of the changes in followed-up RBF in 
Group I divided into 4 subgroups according to C-RBF values; 
(1) 800~, (2) 600~799, (3) 500~559, (4) ~499 ml./min. of C-RBF. 














RBF 2-A 2-B 
mi. / min. (C—-RBF) (F-RBF) 
~199 
200 ~399 
400 ~599 
600 ~799 
800 ~ 
5 10 15 20 5 10 15 20 
No. of Cases No. of Cases 


Fig. 2. Distributions of the patients in C-RBF and 
F-RBF in Group I. 


1) Sex—There were 40 males and 21 females. As presented in Table 
Il], 21(53%) of 40 cases in male and 10(48%) of 21 cases in female were 


b 


in the group of “decrease”. No distinct difference of the changes in 
RBF was found between both sexes. 

2) Age—The average age in Group I| was 52.9 years old with a range 
of 18 to 72 years old. As shown in Table IV, no close relationship was 
seen between the changes of follow-up RBF and age, however, there was 


distinct difference between the younger and the older age groups, 
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The incidence of “decrease “ was disclosed in 11(79%) of 14 cases in 
older age group (above 60y.), on the contrary, in 1(17%) of 6 cases in 
younger age group (under 39y.). 


Table III. Sex and Changes in Group I 








Sex No. of Patients Decrease No Change Increase 
Male 40 21 (53) 18 l 
Female 21 10 (48) 8 3 


Figures in brackets are percentages in both subgroups. 


Table [V. Age and Changes in Group I 





Age No. of Patients Decrease No Change Increase 

—39 6 yy (17) + | 
40—49 10 —_ 6 60) + 0 
50—59 31 13 (42) 16 2 
60 14 11 (79) 2 l 


Figures in brackets are percentages in each subgroup. 


3) Retinal finding—The results were studied from the view point of 


retinal grading at the initial visit, according to the Keith-Wagener classifica- 
tion'» (Table V). ‘Two cases of Grade IV were in “ decrease”, however, 
any relationship was hardly found among the changes and the subgroups 


of Grade I, Il and III. 


Table V. Retinal Finding and Changes in Group I 





Grade (K-W) No. of Patients Decrease No Change Increase 
I 9 5 (56) a.” 0 
II 34 15 (44 17 2 
Ill 16 9 (56 ace 2 
IV 2 2(100 a 0 


Figures in brackets are percentages in each subgroup. 


4) RBF values—As presented in Table VI, no close relationship 
could be found between the control values (C-RBF) and their follow-up 
changes; that is to say, except in the subgroups below 399 ml./min. of 
C-RBF, 35 to 53% of the incidences of “ decrease” were found irrespective 
of the degree of C-RBF values. 

On the other hand, there was an evident relationship between the 
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follow-up changes of RBF and the values of F-RBF itself (Table VII). 
The lower the values of F-RBF in subgroups, the higher the incidence 
of “decrease” of change; there was an inverse correlation between them. 


Table VI. Control RBF (C-RBF) and Changes in Group I 





C-RBF 


(anit. Jani,’ No. of Patients Decrease No Change Increase 
199 2 2 (100) 0 0 
200—399 7 {FH 0 2 
400—599 20 10 ( 50) 9 1 
600—799 17 6 ( 35) 10 | 
800— 15 8 ( 53) 7 0 


Figures in brackets are percentages in each subgroup. 


Table VII. Follow-up RBF (F-RBF) and Changes in Group I 





F-RBF 


foul taal’ No. of Patients Decrease No Change Increase 
-199 9 9 (100) 0 0 
200—399 7 7 (100) 0 0 
400—599 19 9 ( 47) 10 0 
600—799 21 6 ( 29) 12 3 
800 5 0( 0) 4 | 


Figures in brackets are percentages in each subgroup. 


5) Blood pressures—The blood pressure values served for the analysis 
are mean arterial pressure (diastolic+1/3 pulse pressure) which were 
obtained during the control periods of both the initial and the follow-up 
visit of a patient. These were consistent with a time of the determina- 
tions of the control RBF and follow-up RBF, respectively. 


Table VIII. Mean Blood Pressure at the Time of Initial Visit 
and Changes in Group I 





Mean Blood Pressure No. of Patients Decrease No Change Increase 
—129 31 16 (52) 13 2 
130—139 16 7 (44) 8 1 
140—149 7 4 (57) 2 | 
150— 7 4 (57) 3 0 


Figures in brackets are percentages in each subgroup. 
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a) Mean blood pressure at the time of initial visit: In Table VIII 
there is the summary of the results in Group I. About 50% of the incidence 
of “decrease” were found in all subgroups which were divided from the 
degree of the mean blood pressure value on the initial visit, suggesting 
of little predictive factor for the following changes of the RBF. 

b) Mean blood pressure at the time of the follow-up visit: As shown 


in Table IX, a relationship between the incidence of “decrease” in 


Table IX. Mean Blood Pressure at the time of Follow-up Visit 
and Changes in Group I 





Mean Blood Pressure No. of Patients Decrease No Change Increase 
129 31 14 (45)* 15 2 
130—139 15 5 (33) 9 1 
140—149 5 3 (60) l | 
150 10 9 (90) | 0 
* See text. 


Figures in brackets are percentages in each subgroup. 


F-RBF and its corresponding mean blood pressure value could be found. 
There is a linear correlation between these except in the subgroup of 
below 129 mm.Hg. Incidence of “ decrease” was found to be 90%, 60%, and 
33% in subgroups of mean blood pressure above 150 mm.Hg, 
140-149 mm.Hg, and 130-139 mm.Hg, respectively. In the subgroup of 
mean blood pressure below 129mm.Hg, the age was older than the others, 
especially in 14 “decrease” cases; viz. the average age was 61.5 years 
old with a range of 47 to 72 in these cases, on the contrary, in 17 cases 
of “no change” or “increase” it was 49.8 years old with a range of 24 
to 62 years. In other subgroups, the average age was 50.3 years. It 
was apparent that the effect of age as described in §2 was predominant 
in these 14 cases. ‘Thus, it is justifiable to conclude that the level of 
blood pressure which has a close correlation with the following changes 
in control renal blood flow is not the one at the time of the first visit but the 
level of blood pressure at the time of the follow-up determination of 
RBF. 

c) Sustained blood pressure at the time of F-RBF determination and 
changes of RBF in Group II, in comparison with the results in Group I: 
From the view point of the fact which resulted from the analysis of 
follow-up blood pressure and follow-up changes in RBF, a similar analysis 
was made in Group II in order to compare the results in Group I. 
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There were 144 follow-up determinations of RBF in 66 patients during their 
sustained antihypertensive treatment of | to 8 years’ duration. For the purpose 
of comparison, 44 patients in Group II were selected from 66 patients based 
upon the duration of follow-up period of 2 or 3 years of their F-RBF (the 
average observation period in Group I was 35 months), and were served for the 
study. There were 61 determinations in total, viz. 17 of 44 cases had 2 deter- 
minations at their follow-up years of 2 and 3. 


Table X. Sustained Blood Pressure (Mean) at the Time of F-RBF 
Determination and Changes in 44 Cases from Group II 





ey) Siemans Decrease No Change Increase 
109 7 2 (29 3 2 
110—119 30 9 (30) 14 7 
120—129 15 4 (27 6 5 
130 9 6 (67 2 l 
Totol 61 21 (34) 25 15 


Figures in brackets are percentages in each subgroup. 


Table X shows the summary of the results. The sustained blood 
pressure level was lower than that in Group I, then the patients were 
divided into 4 subgroups as shown in the Table. Only 2 patients had 
a sustained mean blood pressure above 140mm.Hg. Although no linear 
correlation was found between the incidence of “decrease” and the degree 
of blood pressure, the “decrease” was found in 6 (67%) of 9 
cases in the subgroup of above 130mm.Hg in contrast with about 30% 
of incidences in the other subgroups. This incidence in subgroup of above 
130 mm.Hg in Group II was comparable with the subgroups of 130 to 
149 mm.Hg in Group I. 

6) Follow-up periods and changes in F-RBF in Groups I and Il—TYable XI 
and XII show the summaries of the results in Groups I and II, presenting 
their distributions of the followed-up year and the changes. A _ period 
of time of half a year or more is included in the year. In Table XII 
the results of the total number of 144 determinations of follow-up RBF 
in Group II are presented. 

Distinct correlation was hardly found between the changes of follow- 
up RBF and the duration of follow-up period in both Groups. In Group 
I, it was an outstanding evidence that there was an observation of 5 
patients in whom the follow-up RBF had not decreased from the control 
values after 6 or more years of time. The values of F-RBF in these 
patients were 851, 829, 778, 518, and 416 ml./min., and the average age was 
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44 years old with a range of 40 to 52 years. Although the blood pressures 
were reduced spontaneously from the control level, 2 cases disclosed 
their mean blood pressures above 130mm.Hg at the follow-up time. 


Table XI. Follow-up Period and Changes in Group I 





Years No. of Patients Decrease No Change Increase 
| 12 7 (58) 5 0 
2 16 9 (56) 7 0 
3 14 10 (71) 3 l 
4 9 2 (22) 6 1 
5 5 3 (60) l l 
6 2 0 l l 
2 0 2 0 
8 l 0 l 0 
Total 61 31 (51) 26 (42) 4 (7) 


Figures in brackets are percentages in each subgroup. 


Despite these facts, as a whole, there was a distinct difference of the 
features between Group I and Group II. The incidence of “decrease” 
was 51% in Group I, on the other hand, it was only 29% in Group II. 
In Group II, the incidence of “increase” was 22% of the follow-up 
determinations. As shown in Tables XI and XII, the difference was remark- 
able in observations of less than 3 years of time. 


Table XII. Follow-up Period and Changes in Group II 





Years oe... Decrease No Change Increase 
| 42 5 (12) 28 9 
2 37 14 (38) 16 7 
3 24 7 (29) i) 8 
4 18 9 (50) 6 3 
5 9 1 (il 6 : 
6 ll 5 (45) 5 l 
2 l 0 | 
8 l 0 0 l 
Total 144 42 (29) 70 (49) 32 (22) 


Figures in brackets are percentages in each subgroup. 


Discuss1on 


Ever since the works by Smith and his coworkers, effective renal 
blood flow in patients with essential hypertension, determined by diodrast 
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or p-aminohippurate clearance, was estimated in numbers with the result 
of significant average reduction from the normal value. The problem on 
mechanism or relationship with various factors in such rena] blood flow 
reduction was also investigated in these reports, however, no investigation 
has been made analysing this problem in the follow-up observations of 
renal blood flow in patients with natural course. 

Suzuki'™ reported a survey of follow-up changes of renal blood flow 
in 16 untreated patients with essential hypertension. ‘These 16 cases were 
included in Group I in the present paper. Observations of the follow-up 
renal blood flow in hypertensive patients were found rather in a group 
of the patients under long-term antihypertensive treatment than those 
under natural course. A survey of 86 treated cases was reported by 
Kaneko et al.,!” and further precise study by Takeda'* was made in 76 
cases with essential hypertension, analysing the effect of long-term anti- 
hypertensive treatment on renal blood flow. Moyer et al.'® investigated 
the effect of treatment on the vascular deteriorations in 133 patients with 
hypertensive vascular disease, in 64 of whom serial studies of renal blood 
flow and glomerular filtration rate were performed during about 26 months 
on an average. Fourty-five of the 64 were treated cases and 19 were 
untreated. Mackinnon!» reported follow-up renal clearances in 12 hyper- 
tensive patients during antihypertensive treatment. 

In the present paper, in 61 untreated patients (Group I) as a whole, 
the average value of the control renal blood flow (C-RBF) of 661ml./min. 
was found to decrease to 506 ml./min. after averaging 35 months, indicat- 
ing a 24% decrease. In Moyer’s 19 untreated cases, average renal blood 
flow changed from 966 to 755 ml./min. in 8 cases of diastolic blood pressure 
below 130 mm.Hg after averaging 29 months, and from 648 to 395 ml./min. 
in Il cases of above 130mm.Hg after 24 months. Values of change in 
Moyer’s groups are calculated as —22% in the former group and —39% 
in the latter. Although the severity seems to be higher in Moyer’s group 
than ours and the follow-up duration is longer in ours, in general, these 
findings seem to be in accord with each other. It is interesting to note that 
there was a coincident finding on the problem what renal blood flow 
changes may be observed in a group of hypertensive patients after a 
long-term. period of natural course. 

For analysis of the data in the follow-up study of renal blood flow, 
“value of change” was used as an index, and when it exceeded 20% it 
was regarded as significant. Some considerations must be taken in regard 
to this respect. 

It is well recognized that the kidney function is largely influenced by 
various extrarenal factors. Systemic hemodynamic state has an exceeding 
influence on renal hemodynamics, and renal blood flow decreases in 











54 TAKEUCHI, ET AL. ab ng 


October, 1961 


congestive heart failure or obvious edema.*”-*8 Evident anemia affects 
the value of renal blood flow, of course, as other serious diseases. These 
transitory or extrarenal factors were excluded as far as possible from the 
comparative study. Furthermore, a fair degree of physiological fluctuation 
of renal blood flow may result from various environmental factors such 
as posture,“?-*® cold?” exercise*®’*” emotional stress, and diurnal 
variations,”?"°” etc. Although the errors due to these obvious stresses 
were excluded in our determinations, a degree of error must be unavoid- 
able. However, less errors may be expected in hypertensive patients 
than normal subjects. Dorscheid*) demonstrated that the variation 
between 2 p-aminohippurate clearances of 2 to 3 days’ interval in the same 
hypertensive patients was significantly lower than that in normal subjects. 

On the other hand, it is advisable that the control and the follow-up 
determinations for one patient be made by the same technique under the same 
condition. There seems to be some difference of the values between the 
single injection method and the standard method, though the maximum 
limit is likely about 10%,'”’*” and also between the values of blood flow 
determined in hospital and at out-patient clinic. Unfortunately, 5 of 61 
cases in Group I had the discrepancy in the methods and 33 cases in the 
conditions between the control and follow-up determinations, suggesting 
some increase of the error on the evaluation of the follow-up changes in 
renal blood flow. 

Ultimately, the authors gave a criterion for the evaluation of follow- 
up renal blood flow (F-RBF) that a change in F-RBF is regarded as 
significant when the change exceeds plus or minus 20% of control value. 
In the light of the considerations as discussed above, the criterion must 
be given a validity. 


In the survey of Group I, the average change of —24% is regarded 
as significant decrease according to our criterion; and the incidence of 
“decrease,” “no change,” and “increase” revealed to be 51%, 42%, and 
7% of 61 cases, respectively. On these follow-up changes of renal blood 
flow, various factors were analysed from the view point of the relationship 
with the incidence of “ decrease.” The results are summarized as follows: 
sex difference was not found (1); effect of the age was evident though 
not closely correlated (2); severities of the control retinal finding showed 
no close correlation (3); both renal blood flow and mean blood pressure 
revealed close correlations to the degrees of the follow-up values, but not 
of the initial values (4 and 5 a, b); duration of the follow-up period 
showed no distinct correlation (6). 


It is generally recognized that prognosis of hypertension is worse in 
male than in female and that the incidence of sclerotic vascular diseases 
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is nigher in male. There was a presumption of more progressive diminu- 
tion of renal hemodynamics in the male group, but this was not an evidence 
in the present study. The incidence of “decrease” in follow-up change 
was distinctly higher in the older age group (above 60 years) than in the 
youngers (below 39 years), indicating a deteriorating factor of the advanced 
age on prognosis of renal blood flow. There are some indirect evidences 
which indicate linear reductions of certain kidney functions beyond the 
middle age in normal subjects.*?’* About 15% reduction of mean renal 
blood flow at each increase of one decade was found in the report of 
Davies.” Though not in follow-up observation, this may be the case in 
our study. However, as a matter of course, effect of advanced age is not 
a dominant factor to cause the changes in hypertensive subjects. The 
lack of linear correlation with the groups of age (Table IV) is a corre- 
sponding evidence which leads us to a presumption that the effect of per- 
sistent elevation of blood pressure on renal blood flow reduction is 
aggravated in advanced age, even if the hypertension is not so severe. 


It should be emphasized that any close correlation with followed-up 
change was hardly found in the initial severities of the retinal finding, 
renal blood flow, and mean blood pressure (Tables V, VI, VIII). These 
results support the following presumptions: 

i) Severity of retinal finding is not always indicative of the degree 
of sequential renal blood flow changes. 

ii) Degree of renal blood flow not exactly suggests the prognosis of 
the blood flow. The initial degree of reduction does not correspond to 
the following changes. 

iii) Degree of blood pressure is not always an exact predictive factor 
for the sequential renal blood flow changes. 

The key point of these presumptions seems to be in iii), and these 
are seemingly in disagreement with the widely accepted evidences. 
Namely, from the results of previous studies of renal blood flow in hyper- 
tensive patients, together with the findings in renal biopsies*?-*® and 
other investigations, generally accepted concepts are outlined as follows: 
alterations in renal hemodynamics as well as renal vascular lesions are 
secondary changes due to hypertension and do not precede it; clevation 
of blood pressure plays a vital role on renal blood flow reduction in 
hypertensives; and, the higher the blood pressure level and the longer its 
duration, the more severe be the reduction of renal blood flow. However, 
our presumptions are not contradictory to these concepts. Further discus- 
sions are made on this problem in the followings. 

Since hypertension plays a vital role, a certain reduction of renal 
blood flow in essential hypertension is a sequel of the degree and dura- 
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tion of preceding hypertension; and if a high blood pressure has been 
sustained for a long period of time a good correlation may be found 
between the degree of the renal blood flow reduction and the blood 
pressure level, as found in non-follow-up observations. Succeeding reduc- 
tion in renal blood flow may be controlled by succeeding blood pressure ; 
and yet a blood pressure level of a patient at a certain time, even if a 


basal pressure, is not necessarily sustained during a long-term period of 


time, even though the disease is not in initial stage. Thus, it is natural 
to presume that close correlation be hardly found between the initial 
blood pressure level and the succeeding renal blood flow decrease after 
a long period of time, and it was the case in our follow-up study (Table 


VIII). Consequently, presumptions i) and ii) induced from the results of 


Tables V and VI may be naturally accepted, because of the close rela- 
tionship of hypertension with retinal finding and renal blood flow. 

In contrast with the results of Tables VI and VIII, it is of interest 
to refer to the results of Tables VII and IX. The result in Table VII 
indicates that a higher incidence of “decrease” is found in the lower 
values of F-RBF. That is to say, low F-RBF may express the preceding 
history—existence of a tendency of decrease, or a precipitating factors 
during the follow-up period. This finding shows interesting correspond- 
ence to the finding in Table [IX which presents a good correlation between 
the follow-up changes in RBF and simultaneous blood pressure level 
(except the subgroup of lowest level, which was discussed in § 5, b). 
These evidences, together with the findings in § 4 and § 5 a, suggest that 
sustained high blood pressure during the follow-up period affected the 
renal blood flow with the result of decrease. It may be justifiable to 
say, in other words, that the prognosis of renal blood flow in essential 
hypertension is mainly dependent upon the succeedingly sustained blood 
pressure level. ‘The results in this study present a substantiation to the 
well accepted concept that persistent elevation of arterial pressure must 
play a vital role on renal blood flow reduction, from the follow-up 
observation of renal blood flow changes in patients with natural course. 

Another good substantiation was presented from the comparative 
study of Group II with the results of Group I, as described in § 5, c (Table 
XN and Table LX). A “decrease” in renal blood flow was found in 8 
of 20 cases of sustained mean blood pressure of 130-149 mm.Hg in Group 
I, and in 6 of 9 cases of the same subgroup in Group II. Moreover, in 
Group Il, a same incidence of “decrease” was found among the 
subgroups of sustained mean blood pressure below 129 mm.Hg (Table X), 
and this indicates that the renal blood flow decrease in such subgroups 
of low sustained pressure may be controlled by the factors other than 


the blood pressure level as being coincident with the fact in Group I. 
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These findings in this comparative study suggest that low incidence of 

renal blood flow decrease in the same degree may be resulted from the 

preceding low level of sustained blood pressure irrespective of its nature 
spontaneous or therapy induced. 

It is theoretically natural to expect a good correlation between the 
follow-up changes and the follow-up period of time. However, it was 
not the evidence in the survey in Group I. Suzuki’ found a good 
correlation between the incidence of reduction in renal blood flow from 
the normal value and the suspected duration of hypertension in the 
observation of 179 patients. In a follow-up study, the determination 
may be missed in some cases. Most of the untreated patients were 
relieved of the continuous observation after the initial visit. There were 
many cases in whom the follow-up determination could not be made, 
and several patients died before the inquiry. ‘The patients with longstand- 
ing follow-up years are the survivors from natural selection. Thus, the 
result in Table XI must be evaluated under such considerations. In 
fact, there were 5 cases in whom no decrease in followed-up changes 
was found after 6 or more years as described in §6. However, the 
highest incidence of “decrease” (71%) was found in 3 years of follow-up 
duration (58% in 1 years; 56% in 2 years; in Table XI). The features 
of the results in Tables XI and XII, being in comparison with Groups I 
and II, show a distinct difference in the incidence of “decrease” between 
the untreated and treated patients, especially in observation of less than 
3 years and of total. These findings together with the results of Tables 
IX and X, indicate the effect of continuous antihypertensive therapy 
on prognosis of renal blood flow. 

The results in the present paper are of interest in 2 ways: firstly, 
observations of prognostic pattern of renal blood flow under natural 
course were made in patients with essential hypertension; secondly, an 
exemplification to the beneficial effect of continuous antihypertensive 
treatment on renal blood flow was presented. 


SuMMARY AND CONCLUSION 


Follow-up study of renal blood flow in patients with essential 
hypertension was made in 61 cases under natural course (Group 1) and 
in 66 cases under continuous antihypertensive treatment (Group II). 

(1) The survey of renal blood flow changes in patients under natural 
course (Group I) revealed that: i) the average control renal blood flow 
of 661 ml./min. with a range of 102 to 1,350 ml./min. decreased to 
506 ml./min. with a range of 35 to 1,330 ml./min. (24% decrease on 
an average), after averaged 35 months of follow-up period with a range 
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of 7 months to 8 years; ii) a significant “decrease” in follow-up renal 
blood flow (more than 20% decrease of the control value) was found in 


” 


31 (519%) of 61 cases, “no change” in 26 (42%) and an “increase” in 

(2) The survey in Group I was analysed in relation to various 
factors including sex, age, retinal finding, values of renal blood flow and 
blood pressure, and period of follow-up time. ‘The conclusions which were 


drawn from the results of the analyses were: i) the initial severities of 


retinal finding, renal blood flow, and blood pressure may not always be 
indicative of the degree of succeeding renal blood flow changes; ii) 
reduction of renal blood flow mainly reflects the preceding blood 
pressure ; iii) succeeding renal blood flow change is closely related with 
succeedingly sustained blood pressure level; iv) the effect of perisistent 
elevation of blood pressure is aggravated in advanced age. 

(3) From the comparative study of the results in Group II with 
those in Group I, practical conclusion was drawn that the same degree 
of renal blood flow change may be expected from succeeding low level 
of blood pressure irrespective of its spontaneous or therapy induced 
nature. 

(4) The survey of consecutive renal blood flow changes in Group 
Il revealed a “decrease” in 29%, “no change” in 49%, and an 
“increase” in 22% of 144 determinations, indicating a distinct difference 
from the survey in Group I, especially in less than 3 years of follow- 
up observations. 

(5) Discussions were made on the observations of prognostic pattern 
of renal blood flow under natural course and on the comparative 
analyses with the survey of renal blood flow change under continuous 


antihypertensive treatment. 
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Analysis of Radioactive Colloidal Gold Uptake Rate in 
the Liver by Electronic Digital Computer— New 
Analytical Method for the Determination of 
Liver Blood Flow 


Hideo UEDA, M.D.,* Masahiro I1O, M.D., Haruo KAMEDA, M D., 
and Tohru MIGITA, M.D.., 


Application of electronic digital computers for the analysis of 
hepatic uptake rate of the Au'® colloid is described. External radio- 
activity measurements of the radioactive colloidal gold accumulated 
in the liver were made by the recording equipment reported previously. 
From the values thus obtained, the hepatic clearance rate of Au'® 
colloid (k) was calculated by the aid of electronic computers. The 
principal advantage of this method is the higher speed calculation 
with relatively high accuracy, compared with the manual calculation 
hitherto in use. Furthermore, the inadequacy of the routine meas- 
urement time for this study, especially in cases with liver cirrhosis, is 
discussed. ‘To overcome this disadvantages, new analysing process 
by the skillful aid of computer is proposed. 


¢ the past, the authors have reported the advantages of the radio- 


isotope technique for the study of hemodynamics in many fields of 


activities and have engaged with the development of the deviced recording 
and analysing method.” 

In this report, application of electronic digital computers for the 
analysis of Au'** colloid uptake rate in the liver and its advantages are 
discussed. By this method, we can eliminate the tedious and time-consum 
ing manual analytic operations and can obtain many data at a high speed 
and with relatively high accuracy. In addition, electronic computer, 
called artificial brain, enabled us to analyse the medical data with an 


So- 


excellent ingenuity. We are of opinion that these new tools will eventually 
provide a beneficial method of clinical diagnosis for both the doctor and 
the patient. 

As we reported previously in the study of 152 cases,” Au!* colloidal 
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method for the determination of liver blood flow has important clinical 
usefulness as a diagnostic aid. ‘The method is simple, requires only a few 
members of staff and can easily be performed more than once successively 
on the same patient. Since liver uptake curve consists of a simple uptake 
curve and is relatively well adapted for an objective mathematical treat- 
ment, we have attempted the computer analysis of this data. As have 
been described in other papers,”’* digital counter and automatic digital 
printer have been used in our laboratory for recording, so digital computer 
was chosen for this study and automatic processing of the data was 
performed. 


MarTerIALs AND MeEtTHops 


The determination of colloidal gold disappearance rate by the Au'® colloid 
is based on the measurement of the radioactivity accumulated into the liver 
where colloids of a certain particle size are removed from the circulation almost 
exclusively. The measurement of the Au'® colloid uptake in the liver has been 
made by the recording equipment described previously.’»*? Au’ colloid 
of the Radiochemical Center, England, was used as the injected material, and 
an external scintillation counter was focused over the liver. 

As is illustrated in Fig. 1, Au'®* colloid is introduced into phase A (periph- 
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Fig. 1. 


ery) from which it is transfered to phase B (liver) by a first-order reaction. 
The amount accumulated and fixed in B is given by the equation: 
C(t)=Co(1 —e-**) 

Parameter k can be determined as follows: 

(1) Measurements are continued long enough to obtain a reasonable value 
of Co to be estimated at time t. (Fig. 1). 

(2) The uptake curve C(t) is subtracted from the constant Co to obtain 
Coe, from which, using the method of least squares, the parameter k can be 
determined by electronic computer (In manual calculation, k is determined 
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from the slope of log{Co—C(t)} plotted against t.). In calcualtion by computer, 
the subtraction process was performed from 2 min., 3 min., 4 min., 5 min., 6 min. 
7 min. and 8 min. after the injection to the final t. time which is usually 30 to 
45 min. in our study, and the determination of k from the Coe curve was 
then performed till Co—C(t)2L Co is reached where L represented 0.1, 0.15, 0.2, 
0.25, 0.3 or 0.35 respectively. After these procedures, k values thus obtained by 
computer were compared with the k value calcualted by conventional manual 
method. The most adequate starting time and L value were chosen after these 
pilot studies. For this purpose, analyses were performed on 16 data obtained 
from 8 cases with cirrhosis and 8 cases of control. After doing this, 2 data were 
analysed by telephone communication between our laboratory and computer 
center, Hitachi Central Research Lab., situated on the outskirts of Tokyo. 
Data from the digital counter and program were perforated on a papertape 
respectively using perforator and then punching error of these tapes was checked 
using mechanical tape reader and typewriter. Program to analyse above men- 
tioned data consists of 203 steps including main routine 80 steps, subroutine 43 
steps for logarythmic calcualtion and 80 steps for calculation of the method of 





Fig. 2. <A. Perforation of the data and program on the tape. 
g prog F 


B. Equipments for the calculation. 
Tape perforated is read into the computer using input unit (on the right), The 
control desk with display panel is seen on the middle. The largest equipment on 


the left is the major part of computer in which arithmetic unit, control unit and 
memory unit are built in. 


least squares. ‘The perforated tapes are read into computer by photoelectric or 
mechanical tape reader and stored on magnetic drum and calculation is_per- 
formed using parametron unit (control and arithmetic unit), magnetic drum and 
control desk operated by technician when necessary. The digital computer used 
illustrated in Fig. 2 and 3 is called HIPAC-101 of the Hitachi Ltd. in Japan. 
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Fig. 3. 
REsuLTs 
: Records from 16 patients were processed through the described digital 
i computer. In Table I and II, the results obtained both by computer and 
manual calculation are compared. ‘The k values by computer are indi- 
cated as percent value of the manual one (100%), and plotted against 
the starting time from which calculation is begun (Fig. 4) under the given 
% 280 =0.1 L =0.15 L =0.2 L =0. 25 L =0.3 28 L =0. 35 
260+ | | a 
240} 
220} | 
200} 
180} 
160 . ° 
140} *| Ret Se Fl 
120} | ae Se me, es 
100} o-B-e-v-a H2/3-¢ 2 nee 3l* 3 5 Seale miele Beker ee | 
ol Peep at eeiesseeete: eee bE EET ih: 
: > es one. "ES ala 
60 [Start ; = rae PPWT Cr Pere s,* 
2802 3456782345678234 TSCTELIGSCTE23ASECTE23SGS ETB min. 
260 em Lovins] | | 
240F °. 
220+ 3: | ; 
200— ° 2, 
180}. «! l. 
160} “ee 
me ° 88ST nce te , : 
a ee ee RO ae et I ee et 
FREE eit ea a nak i pteers 
Dasa Pate ee Og. FS i Ni ied Oe se 
0 Start, ™ ; nd : hae ial 
: 2S4SCTOLST SO TED IIS OTEDSAS OTE DSTO CTEDITS ETS min, 
Fig. 4 


ity ater Ae mene Te 





Jap. Heart | 








164 UEDA, 110, KAMEDA, AND MIGITA Quober, 196i 
Table I. Control Cases 
Start L=0.1 | L=0.15 L=0.2 L=0.25 L=0.3 L=0.35 
No. | % 
2 min, 99.4 99.5 96.2 92.4 91.5 98.8 
3 oH 100.0 100.4 97.7 91.8 90.1 101.1 
F.V. 16250 4 on 100.5 101.4 97.4 90.6 85.6 103.2 
Exp. 0.136 5 on 102.1 104.9 101.8 93.8 91.7 157.9 
6» 101.5 104.4 98.7 83.3 99.1 
7 0 104.9 113.7 116.9 104.7 
8 1 102.9 112.8 117.4 81.8 
No. 2 
2 min. 131.1 86.8 97.8 95.4 91.1 79.4 
3 1 106.5 86.3 99.6 97.6 92.5 77.1 
4 on 85.6 86.1 103.2 102.3 97.4 78.9 
F.V. 7450 5 77.2 84.4 104.0 103.4 96.9 64.6 
Exp. 0.114 6 1 75.8 83.0 107.9 110.2 103.9 52.4 
70 74.1 81.4 114.2 1244 123.2 54.1 
8 1 71.1 77.0 116.2 137.1 147.6 
No. 3 
2 min, 128.5 85.6 86.2 97.1 98.4 106.9 
3 oH 103.1 83.9 90.0 95.3 95.8 106.1 
4H 81.4 81.5 86.7 91.1 89.4 97.7 
F.V. 6550 5 9” 79.5 79.6 84.6 88.5 83.4 86.7 
Exp. 0.107 6 1 78.8 78.3 88.9 88.7 79.9 73.4 
70 78.3 77.4 84.7 92.9 83.3 
8 1 77.4 75.6 84.4 97.4 87.1 
No. 4 
2 min. 98.7 95.9 89.5 90.9 89.0 85.4 
3H 100.0 97.4 89.9 92.1 89.8 84.6 
49 101.1 98.7 89.5 93.0 89.7 74.2 
F.V. 16750 5» 103.2 100.8 90.0 96.6 94.4 
Exp. 0.133 6 # 104.1 101.9 86.4 94.5 81.4 
7H 106.2 105.2 84.8 107.7 
8 1 107.8 107.8 72.6 
No. 5 
2 min. 96.2 100.1 108.1 119.8 117.2 115.7 
3 oH 96.6 95.8 102.2 113.9 101.2 82.6 
4H 91.8 95.4 103.7 123.1 120.8 102.9 
F.V. 11400 5 on 88.7 91.6 98.7 124.3 148.8 
Exp. 0.119 6 oH 84.5 85.7 86.2 110.2 
7H 81.1 80.4 68.1 54.2 
8 1 83.9 85.3 76.7 
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2 Stat L=0.1 L=0.15 L=02 L=0.25 L=03 L=0.35 
No. 6 
2 min. 87.7 83.9 88.9 90.4 94.6 97.2 
3 85.7 86.4 83.7 83.9 83.9 80.6 
4 9 86.2 89.7 87.1 88.9 97.9 105.3 
F.V. 12250 5 on 84.7 88.4 84.1 85.2 99.8 125.8 
Exp. 0.158 6 oH 82.3 84.1 75.8 72.1 73.7 
7H 80.9 85.1 71.6 60.1 
8 1 78.2 82.5 52.8 
No. 7 
2 min. 107.2 109.8 113.2 111.8 112.5 112.5 
3 104.8 106.2 108.9 104.4 102.2 102.2 
aon 104.0 105.9 109.1 102.9 98.1 98.1 
F.V. 7150 5 hn 103.4 106.1 112.8 104.2 96.3 96.3 
aap. O59 6 9 101.0 103.3 111.8 93.6 48.1 48.1 
7» 101.0 107.8 138.7 139.1 
8 1 93.2 92.6 138.2 
No. 8 
2 min 112.7 77.7 70.9 61.3 44.1 21.3 
3 9 87.1 73.9 62.6 48.1 42.9 
49 88.2 88.5 85.6 73.1 45.7 
F.V. 12200 5 on 90.5 93.6 94.2 80.6 49.1 
Exp. 0.106 6» 93.6 101.1 109.5 96.7 66.8 
7 99.4 116.5 145.9 142.8 164.0 
8 1 113.4 141.1 220.4 252.3 562.8 
Table II. Cases with Cirrhosis 
Start L=01 L=0.15 L=0.2 L=0.25 L=0.3 L=0.35 
No. 9 % 
2 min 178.8 93.6 98.1 102.6 102.8 102.9 
3 9 146.4 92.2 96.8 101.6 101.4 100.4 
4on 119.2 91.5 96.7 103.0 103.2 103.9 
F.V. 17250 5” 95.8 90.2 95.7 103.2 103.9 105.9 
Exp. 0.096 6 1 87.0 87.5 92.4 99.5 98.4 90.2 
7» 86.5 86.7 92.6 105.0 106.9 122.9 
8 oH 85.0 83.4 88.0 100.2 99.1 
No. 10 
2 min. 260.4 102.8 95.7 94.2 95.1 93.0 
3 217.3 94.2 94.8 92.6 92.3 87.8 
4on 178.7 93.5 93.5 90.3 87.9 77.5 
F.V. 9150 5» 150.2 95.3 96.8 94.3 95.8 88.6 
Exp. 0.0845 6 on 122.7 95,2 96.9 93.9 95.7 83.6 
j 70 99.6 95.3 97.9 94.3 98.4 80.2 
: 8 91.5 95.3 98.5 94.2 102.4 66.6 
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Start L=0.1 L=0.15 L=0.2 L.=0.25 
2 min. 287.8 116.7 105.3 101.4 
3 # 244.5 109.2 107.2 103.2 
4 sw 206.1 110.7 108.2 104.1 
: # 172.7 112.8 110.3 106.2 
6 WV 143.4 114.6 112.2 107.9 
; # 135.7 116.9 114.2 110.1 
8 I 139.8 119.6 117.1 113.3 
2 min. 254.6 135.7 106.2 99.1 
3 214.5 111.2 108.8 101.2 
4 wn 177.5 102.1 109.0 100.1 
5s 145.5 101.2 108.8 98.0 
6 120.1 102.9 113.1 102.1 
7 ow 109.0 99.1 108.2 91.9 
8 or 109.0 97.6 86.3 
2 min. 121.6 86.2 70.7 56.4 
s # 100.9 93.3 79.9 93.2 
+ / 80.2 92.6 73.4 82.4 
5 71.2 87.6 53.4 

6 71.7 99.1 68.2 

7 67.9 92.2 22.9 

8 7 67.9 109.9 35.2 

2 min. 271.1 95.5 90.8 94.7 
3 227.5 94.3 88.4 77.1 
t+ wv 199.5 102.8 101.1 89.7 
5 VW 166.8 104.0 102.7 89.6 
6 139.1 106.9 107.7 93.2 
7 Wn 113.7 107.5 109.3 91.6 
8 4 114.2 110.6 116.4 95.6 
2 min. 343.5 171.9 87.4 98.9 
3 on 274.1 132.8 77.4 81.7 
4 7 232.1 109.8 78.1 84.4 
5 193.1 88.5 77.2 83.6 
6 157.8 77.2 74.7 80.0 
7 # 126.4 75.3 71.1 73.4 
8 I 100.3 74.1 68.1! 67.6 
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Start L=0.1 L=0.15 L=0.2 L=0.25 L=03 L=0.35 
No. 16 % 

2 min. 308.3 151.4 116.1 110.9 101.4 99.1 
3 4” 263.8 132.7 120.9 116.8 109.8 108.9 
4 oH 222.3 135.8 124.1 121.0 116.1 116.8 

F. V. 5500 4 Ré ‘ ‘ ‘ 92 « 96 6 
5 185.2 138.8 126.9 124.9 123.3 126.6 

Exp. 0.0495 6» 151.1 139.7 126.8 124.4 121.2 125.2 
7 148.6 141.1 127.1 124.6 121.1 127.0 
S # 151.2 144.1 129.4 127.9 131.2 147.1 


L value. In control cases, the deviation of computer k value from the 
manual one became greater under the condition of starting 7 min. and 
8 min. or L value more than 0.25. Relatively good correlation can be 
obtained when one choose L from 0.1 to 0.25 and as starting time 3 min. 
to 6min. If we use L from 0.1 to 0.2 and starting time 4min., the 
smallest deviation less than 10% to 20% can be expected. The mean value 
at L=0.15, starting 4 min. is 93.4+6.8%. In cirrhotic cases, however, 
poorer correlation was obtained than in control group. In a given con- 
dition of L=0.1 the deviation is greatest. Among other L conditions, 
however, if we select L=0.15 and starting from 4 min., we can obtain 
rather well correlated value with deviation less than 10% except one case 
(No. 16) whose k value is the lowest (0.0495). The mean value of 7 cases 
excluding No. 16 at L=0.15 and starting from 4 min. is 100.4+5.5%. 

In these 16 cases and another case (No. 17), further examination was 
performed to know the adequacy of the usual manual calculation method. 
As was shown in Table III, relations among the following values were 
studied. 1) Time (te) after injection when Co (te) value was determined 
2) k value calculated manually after determination of te and Co(te), 
3) deviation percentage of Co(te) value to the ideal Co(t,) value and 
+4) measurement time which is required to obtain adequate Co(te) value 
within 0.1%, 1% or 10% below the Co(t.) value. At the error of 1%, 
the equilibrium of the curve was reached in control group 17 to 43 min. 
(mean 34.4) after the injection, whereas in cirrhosis group after 48 to 92 
min. (mean 66.5 min.). Percent deviation of the postulated Co value at 
te, Co(te), from ideally equilibrated value at t,, Co(t,.) was plotted against 
exponent values (k) (Fig. 5). Seven of 8 cases of liver cirrhosis, whose k 
values were all less than 0.25, showed the greater deviation ranging from 
3 to 14.5%. 

After these detailed examinations, another pilot study of data analysis 
using telephone communication was performed. As was shown in Table 
IV, studies with 2 data required about 20 min., 8 min. of which was used 
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Table III. 
*Time (t Devietion of Measurement time which is required 
No. of — k value tor pasr a9 - to reach ideal Co value (t=©o) 
when Co Mera 4 e~kt value at 
. “a manually * . 
pn value is poeta te to ideal thi thi thi 
. determined 7 Co value(t = co) ‘0.1% "1%. “0% 
No. | 35 min. 0.136 0.87% 50.7 min 33.9 min. 16.9 min. 
No, 2 38 0.114 1.2 60.7 40.4 20.2 
No. 3 40 0.107 1.4 64.5 43.0 21.5 
No. 4 31 0.133 1.6 51.9 34.7 17.3 
No. 5 40 0.119 0.86 58.2 38.8 19.4 
No. 6 41 0.158 0.15 43.7 29.1 14.5 
No. 7 26 0.157 1.60 44.1 29.4 14.7 
No. 8 36 0.106 2.20 65.1 43.4 21.7 
No. 9 41 0.096 1.90 72.1 47.9 23.9 
No. 10 40 0.0845 3.40 81.6 54.4 ps B - 
No. 11 42 0.0598 8.0 115.3 76.9 38.6 
No. 12 36 0.0555 13.3 124.8 83.2 41.6 
No, 13 40 0.087 3.8 79.5 53.0 26.5 
No. 14 40 0.0693 6.2 99.9 66.6 33.3 
No. 15 44 0.0795 3.0 87.0 58.0 29.0 
No. 16 39 0.0495 14.5 138.8 92.2 46.6 
No. 17 32 0.266 0.015 25.9 17.3 8.6 
too) — Colte) . 
Co\ too zx 100 
a 
15.0 ° 
3 
10.0} 
7 
* 
5.0 
. 
« e@ cirrhosis 
2 
© control 
Bo ° 
6° 0 
' 9° { ! O 
0.5 1.0 1.5 2.0 2.5 K 
Fig. 5, 
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only for the telephoning. The true calculation time by the computer 


was only 20 seconds. 


Table IV. 
1) Pilot Study (March 17, 1961) 


Data Communication Study 





Computer Center—-R. I. Lab. 
” 


Data | 

Data 2 
Tape punch (Data 1) 

(Data 2) 

Correction of the tape 
Read in the program tape 
Read in the data tape 
Calculation 
Computer Center—R. I. Lab. 


Total time required 


Booking a call } 

Begin a call ) 
finished 
finished 


-a. 130” 


2'30"" 
9/30/" 


1’30” 
130” 


1’20” 
20’ 
20” 


Booking a call 
Begin a call 130” 
and finished 


about 20 min. 








2) Expected value after this process became routine 
Data communication by telephone 2'30" 
Tape punch 1'30” 
Correction of the tape 1’ 
(Read in the program tape will begin with the data perforation in tape) 
Read in the data tape and calculation 40” 
Total time required about 6 min 
3) Telex 
Data communication by telex “i 
Read in the program and data tape, calculation = 


Total time required 


about 3 min, 


Discussion 


It was known that logical and mathematical operation of the digital 
computer can provide us a convenient and sufficient analysis of Au'*® 


colloid clearance curve of the liver. 


At first, the authors tried to estab- 


lish routine program which gives us a k values well correlated with 


those obtained by conventional manual calculation. 


The computer opera- 


tion begins from 4min. and the range of Co—C(t) 20.15 is considered 


to be most adequate for both the control and cirrhosis cases. 


The more 


the start period is delayed from 2 to 8 min., and the more the L becomes 
larger from 0,10 to 0.35, as is easily understood from Fig. 1, the smaller 
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becomes the range of the curve Coe-kt used for calculation of k. In 
practice, the former part of the curve is inappropriate to the analysis 
because of the insufficiency of the mixing of tracer within the blood space. 
Also the latter part of the curve after subtraction (Coe-kt) is inadequate 
because of the larger percent error compared to the former half where 
counting rate was relatively high. This relation can be found easily in 


Table I, Il and Fig. 4. In the control group, deviation of k value 
increased under the condition of starting after 7 min. and L value more 
than 0.25. This comes from the decrease in the range of Coe~kt curve 


used for calculation as mentioned above. However, in the cirrhosis group 
this tendency was hardly observed. The reason for this is easily under- 
stood when one considers the characteristic curve of the Au'®® colloid 
uptake in the liver in cirrhosis. It usually requires relatively longer time 
to reach the equilibrium Co, so that under increase in L from 0.15 to 
0.35 there remains still enough part of the curve for calculation. Under 
the condition of L=0.1, marked deviation of k was observed in cirrhosis, 


this probably comes from the unnecessary abundance in the range of 


Coe-kt curve used for calculation especially the useless lower portion, as 
pointed out above. 

In this procedure, measurement should be continued until the counting 
rate appears to be almost constant. To satisfy this, at least 25 to 45 
min. is usually required depending upon the liver flow rate. The data 
illustrated in Table III] and Fig. 5 showed the inadequacy of the conven- 
tional measurement time especially in cases with liver cirrhosis. Under 
these circumstances, k value is apt to be calculated higher than the real 


value, and the measurement time up to 90 min, or more is needed if 


the patient shows a marked decrease in liver blood flow. However, 
severely ill patient usually cannot keep recumbency without any body- 
movement for such a long period. All we have to do now is to shorten 
the measurement time. Now we have bright prospect to create a new 
analysing method of the hepatic clearance curve by the aid of more 
adequate use of electronic computer. The procedure is as follows. 
Because the digital data are provided every minute through digital counter 
and printer, in our case, if we take 
C=Cj+1—Ci=Co {e“kti—e“kti+ 40} 
=Co e-kti{]—e-k. 4} 
and take logarythm of this formula 
log -C=log Co{l—e-k4t} —kt, 
In this formula log Co {l—e-k-t} is a constant value and log~ C plotted 
against tj gives a straight line with a slope of k. Thus k value can be 
calculated from the original data with only the former half of the uptake 
curve, for example data from | min, to 20 min, at most, Co can also 
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be determined as follows. 


Co—Cj+1 Coerh(tit st) _ sis 
Co—C; ~Coerkti ite 
Co—C; 
Co—Cj-1 steal 
— Cj? —Cj—-1Cj+1 
= Cj41+Cj—1—2C; 

At present, the major difficulty encountered when one applies this 
formula in practice is relative inadequacy of the medical data obtained 
directly from the patient. Overwhelming this difficulty after adequate 
processing on original data, we are sure to create a new analysing method 
of liver blood flow which requires only a short measurement time. Even 
the most severely ill patient can stand this examination without any risk 
at all. Moreover, the successive liver blood flow determinations within 
short interval will become possible by this method. 

Comparison of calculation time is also interesting. It takes usually 
about 30 to 60 min. by manual calculation to obtain k value in each 
case, however by computer aids, as Table IV shows, only 20 min. for 2 
data is required in pilot study in March, 1961. We have the prospect 
to reduce this time down to 6 min. after these processes become routine. 
Moreover, in near future with the facility of telex between the laboratory 
and computer center, total time required will be further reduced to only 
3 min., because in the latter situation data will be supplied from the 
automatic tape perforator connected to the digital counter as an already 
punched tape from the beginning. Then through the telex the same 
punched tape can be informed directly to the computer center. ‘Thus 
process of punching and correcting tape can be omitted. 

The data and discussion here were confined to the analysis of Au!*® 
colloid clearance curve of the liver. However, many of the medical data 
can be analysed effectively by electronic computer. The authors are now 
concerning with such a profitable application of electronic computer and 
here one of our recent studies in this regard has been described. 


SUMMARY AND CONCLUSION 


Analysis of radioactive colloidal gold uptake rate in the liver, which 
has a clinical significance as an indicator of liver blood flow, has been 
performed by the aid of electronic digital computer. It has been demon- 
strated that after adequate programming of computer well correlated values 
with manual calculation could be obtained by electronic computer at 
high speed. 
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Then the inadequacy of the usual measurement time in cases with 
liver cirrhosis was discussed. It has been shown that the measurement 
has to be continued up to 90 min. or more in these cases. To overcome 
this disadvantage, especially in severe cases, new analysing process by 
the skillful aid of computer was proposed. 

The principal advantages of the application of electronic computer, 
high speed calculation with relatively high accuracy, were illustrated in 
the pilot study by telephone communication between R.I. laboratory 
and Computer Center. 


The usefulness of this method in clinical medicine was discussed. 
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Clinical Evaluation of Internal Mammary Artery 
Ligation as a Treatment of Coronary 
Heart Disease 


Syuzo MATOBA, M.D., Kazuo KITAMURA, M.D., 
*Kunio YAMAKAWA, M.D., and **Yusaku ANAZAWA, M.D. 


We have experienced 26 cases of coronary insufficiency and 
myocardial infarction who have undergone internal mammary 
artery ligation since 1958. The follow-up studies for 2 years were 
carried out and a 73% effectiveness was obtained. Even in the old 
myocardial infarction with almost consistent changes in the ECG 
patterns, improvement in the coronary T-wave and ST depression 
were seen in 6 cases. In coronary cases, 5 out of 12 cases presented 
a normalization of ST and T in ECG tracings and a remarkable 
improvement was seen especially in the ECG of exercise tests. In 
one instance of nodal tachycardia which was believed to be due to 
arteriosclerosis, a complete disappearance of attacks was seen after 
mammary artery ligation. 


MONG the many surgical treatments of coronary insufficiency, 

internal mammary artery ligation is simple and presents compara- 
tively little surgical risk. In cooperation with the Ist surgical clinic, the 
ligation of bilateral internal mammary artery was begun in our depart- 
ment in December, 1957. Needless to say, the efficacy of any treatment 
for coronary insufficiency is difficult to evaluate and the interpretations 
present many problems. Chief complaints of patients are influenced by 
psychic conditions after surgery and even the findings of ECG may show 
temporary changes. 

Mammary artery ligation was first performed by Fieschi” in Italy 
in 1931 based on the fact that a shunt exists between the internal 
mammary artery and the coronary system. His opinion was that a 
ligation and section of the artery created an increase in blood flow in 
the coronary circulation through this collateral pathway. This opinion 
was confirmed experimentally and a 68% effectiveness of this operation 
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in 50 coronary cases was reported by Glover” et al., after 2 to 6 months 
observation. In Japan, after our initial report? in 1958, Inoue,® ‘Tomita® 
and others have presented their reports. 

Up to August, 1960, 26 cases including myocardial infarction and 
coronary insufficiency were operated and | to 2 year observations were 
made by the authors. ‘The results in these cases are reported in this 


paper. 


REsuLTs 


Myocardial Infarction Group— 


As shown in Table I, the cases of this group were all those with 


Table I. Infarction Cases after Mammary Artery Ligation 





Degree of improvement 


Cases Sex Age Infarction area Initial Time observed of subjective 
attack after ligation : * 
symptoms 
l f 10 Posterior 1 yr 2yr 8m (+) 
2 m 69 _ Posteroseptal 5 m La" (++) 
3 m 54 Anterolateral 5 yr 2yr 5m +4) 
4 m 67 ~=Anterior 3m 2yr 2m (++) 
5 m 53 Posteroseptal 4m 2yr 2m (++) 
6 m 48 Posterior 4-5 yr 3 m** (+) 
7 m 66 Anterolateral 7 yr 2yr Im (+) 
posterior 

8 m 62 Posterior 3-4 yr 2 yr - 
9 m 42 Anterolateral 2m 2 yr (+) 
10 m 47 Anterior 10 m l yr Il m +) 
11 m 60 Posterior 2 yr lyr 8m (++) 
12 m 62 _— Posterior 2 yr lyr 5m (+) 
13 m 56 Anterior 3 m lyr 3m (+t) 
14 f 70 Anterior 3 m 4m (+) 


* 


Degree of improvement of subjective symptoms: 
Excellent 


“eeeeeereeeeeeeneeve TTT ) 
a ee (++ 
Fairly PPT OCCT + 
ee + 


** Course before death 


repeated attacks of coronary insufficiency having a previous history of 
old myocardial infarction and their age ranged from 40 to 70 years. 


Clinically, the patients were almost totally free from symptoms 





m 
vie athe eal nd oe riiiel 





‘ 
ce ea thsetten Diente atin 





—s INTERNAL MAMMARY ARTERY LIGATION 475 


immediately after the ligation and a marked improvement was seen by 
the time when the surgery wounds were completely healed in the 3rd 
week. ‘These changes were most evident in the early stages after surgery, 
i.e. within 3 months, with very little further changes thereafter. ‘The 
most gratifying result was the relief from the constriction and tightness 
of the chest which were the chief complaints before surgery. 

In the cases cited above, effective results were observed in 2 cases, no 
changes in 2, worsening effect in one, and death in 2 cases. 

The 2 patients died of new myocardial infarction within 3 months 
after the surgery. The relief from symptoms tended to make patients 
careless of the need for bed rest and it was our sad experience to realize 
that those with extensive underlying myocardial changes needed a more 
strict post-operative regulation of their activities. In one case, sudden 
death occurred during sleep 6 weeks after the surgery perhaps due to over- 
activity of the patient, even though subjective symptoms of tightness or 
constriction of the chest had disappeared completely and the patient had 
shown excellent postoperative course. 


Case No. 2: A 69-year-old male had no family or past history of impor- 
tance. In July, 1957, he first experienced sudden dyspnea and tightness in the 
chest with frequent recurrence thereafter. In December the patient was hospi- 
talized and was found to have a slight rise in mucoprotein values but no other 
significant changes were seen. B.P. was 120/80mm.Hg. The ECG findings 
(Fig. 1) showed Q III T III type of marked posterior infarction and subendo- 
cardial changes of the anterior wall of the left ventricle. The absence of R in 
V, and V, also indicated a septal damage. Since frequent attacks of coronary 
insufficiency were not improved even after various treatments, bilateral internal 
mammary artery ligation was performed in February, 1958. Subjective 
symptoms were markedly improved postoperatively and the patient was free 
from anxiety towards new attacks. Electrocardiographic tracings showed some 
improvement of the depressed ST in V,,;,¢. One month after the surgery, the 
patient could climb 4 staircases easily without anginal pain. However, in the 
6th week after the surgery the patient died unexpectedly during the sleep. 

At autopsy, the heart was enlarged and weighed 460Gm. A_ peg-like 
hardening of the coronary artery was seen at its base. In the left heart, an 
extensive plaque formation was seen in the posterior wall and 1/3 of the 
posterior septum and a very thin posterior wall due to extensive fibrosis was 
also observed. Fibrosis was most pronounced near the base of the posterior 
papillary muscle presenting a aneurysmal-like dilatation of the wall with 
hyperemia and localized hemorrhage. Spotty fibrosis was also seen in the 
anterior septum and other parts of the posterior wall. In the right ventricle, 
scattered hyaline-like fibrosis of the posterior wall and septum, and grayish 
fibrosis of the mammillary muscles were found. Hardening of the coronary 
artery near the orifice of the left coronary artery and an almost complete 
occlusion with a needle size passage in the region just below the branching 
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of the circumflex artery were seen. Within the narrowed passage of this artery, 
thrombus formation were evident with dilatation of the capillaries and in part 
hemorrhage was found in the ventricular wall. In the left anterior descending 
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Fig. 1. ECG of case No. 2, male, 69 years old. 


branch, a complete occlusion was present |cm. below the branching. The 
peculiar change in this case was the cavernous dilatation of the blood vessels 
within the inner layer of the myocardium particularly where many scars were 
present (Fig. 2). This finding was not seen in other infarction specimens and is 
believed to be due to an increase in the coronary flow brought about by the 
internal mammary artery ligation. ‘This is a rare case where the effect of 
ligation was seen clearly in histological evidence. This kind of finding has not 
been reported neither abroad nor in Japan. 
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Fig. 2. Cavernous dilatation of capillaries 


in the scar tissue. 
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Fig. 3. ECG of case No. 5, male, 53 years old. 


(Sai tern 











178 MATOBA, KITAMURA, YAMAKAWA, AND ANAZAWA ream * F 


Case No. 5: A 53-year-old male had no particular family or past history. 
About 4 months before hospitalization, the patient had an initial attack of 
myocardial infarction while commuting to work. Before the mammary artery 
ligation, frequent attacks of angina compelled the patient to use over 20 
ampules of amylnitrite per day. The ECG tracings showed an extensive 
posterior and septal infarction (Fig. 3). 

When the mammary artery ligation was performed, subjective symptoms 
were dramatically improved approximately 2 weeks after the surgery, and the 
use of amylnitrite was reduced to minimum dosage. Slight improvement in 
the coronary T in V, to V3 was seen and at present, 2 years postoperatively, 
the patient is leading an almost normal life. 


Coronary Insufficiency Group— 


Mammary artery ligation was performed in 12 cases ranging in age 
from 20 to 67 years. In all cases, repeated attacks of angina pectoris 
were present inspite of drug therapy. 

Out of 12 cases, effective results were obtained in 8 though no 
changes were seen in 4. One patient of this group succumbed to 
cerebral hemorrhage after 17 months post-operatively (Table II). 


Table II. Laboratory Findings in Infarction 
Case No. 2, 69 yr., m. 





Blood Findings Blood Chemistry Renal Function 
R.B.C..... 515 x 104 Serum protein Urinalysis 
|: ee 7,800 Total protein......... 6.6 Gm./100ml. EE esncucieactansmnte 1,007 
SN. ick nae eal 100% FREED: sctssnsnsenmied 4.0Gm./100ml. NE: utnachaunanenad (—) 
B.S. R. (Westergren) REMIT. scctectetracsen 2.6Gm./100ml. ID caccstinninwixtaus (—) 
1 hr. 6mm. Total cholesterol ...... 252 mg./100ml. Urobilinogen ...normal 
2 hr. 15mm, Des Bo Pie sineebiadacmsennen 31.6 mg./100ml. Bee WOR aiencekancesnail (—) 
iincenscssecdassansndsenieacsonnene 4.3 mEgq./L. LUTE ~<ddnddcenones (+) 
Blood Smear (%) Mucoprotein ..........++ 165 mg. /100ml. MIN. ccedicibacdciecmnenieue (—) 
Neutrophils, Band . 5 SGOT sacccccccnccsccnccsschaccsconeses 30 u. Epithelium _......... (—) 
Ww Seg. ..37 
Ee ee 3 Liver Function 4 tee 60min. 65% 
DN ctnawaacnia 0 BD venta ticcensasecetsdinccncsiscsnenmanen 7.6 120min. 65% 
ND aa: aie ob 5 Hijman van den Bergh ) 





ree 30 Tain: THONG ccccccesceecenneseses ) 


Wasserman....... ( 


The degree of improvement of subjective symptoms in the coronary 
insufficiency group is somewhat less when compared to the myocardial 
infarction group. However, in 2 young patients with coronary insufficiency 
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of unexplainable origin, remarkable improvement of subjective symptoms 
and changes in the ECG were noted (Table III). 


Table III. Coronary Cases after Mammary Artery Ligation 





Cine on Age Length of Time observed Degree of improvement of 
. coronary attack after ligation subjective symptoms 
l f 20 5 m 2yr 7m (++) 
2 m 60 ly 2yr 7m (++) 
3 m 56 3y 2yr 4m (+) 
4 m 48 2y 2yr 4m (+) 
5 m 63 4y 2yr 3m +) 
6 f 67 6 y ivy ia” (+) 
7 f 49 ly lyr 9m (++) 
8 m 56 3y lyr 8m (++) 
9 m 58 ld y lyr 6m (+) 
10 m 57 5y 10 m (+) 
11 m 30 3y 4m (+) 
12 m 49 4y 1m (+) 
* Degree of improvement of subjective symptoms: 
SUR gis a ates Sees a 
ais bigs bots were oc (++) 
POS kc cceacdewnwes 
ee i ca aeag ee 


** Course before death 


Case No. 1: A 2l-year-old fermale, a clerk, had the past history of 
appendectomy at the age of 19. In June, 1956, constriction of the chest, 





Fig. 4, Chest X-ray of case No. 1. 
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palpitation and vertigo were present and by August, 1957 she developed chest 


pain during exertion. 


The patient was admitted in October of the same year. 


Aside from a somewhat low PSP values (Table 1V), no remarkable changes 


were seen in the laboratory examinations. 


Chest X-ray (Fig. 4) showed a 


marked bilateral dilatation of the heart and deep depression of ST in lead I, 


Table IV. 


Case No. 1, 20 yr., f. 


Laboratory Findings in Coronary Insufficiency 





Blood Findings 


R.B.C.... 32x10 
.* ) ae 
DN cih.andJeietelasicd 97% 
B.S. R. (Westergren) 
1 hr. 3 mm, 
2 hr. 10 mm. 


c 


Blood Smear (% 
Neutrophils, Band. .10 
Seg .. .46 


I sri. te shock wie 2 
0 RE eee ee 0 
ee 2 
ID 6 oc vesaie 40 


Table V. 


Mucoprotein 
REE.  Kaccrinetendisedcscronesionens normal 


MG 


Blood Chemistry 


Serum protein 


Total protein......... 7.6Gm./100ml. 
Albumin ...............5.2Gm./100ml. 
IE sictntenadccnhes 2.4Gm./100ml. 
Total cholesterol ...... 170 mg. /100ml. 
Ps Bee Bs xnatasscniniintcens 24.3 mg./100ml. 
Rs... siu nasil siebaeailaceeiaiiasneninennael 4.2 mEq./L. 


Liver Function 
Ee ee OnE 4.5 
Hijman van den Bergh ............... 


es IIE. “esccisutiorininnsacnee 


Case No. 11, 30 yr., m. 


Renal Function 
Urinalysis 
PUN candalaneusaiaden 1,015 
PIE | cciccsidenvccndl ) 
TINE: incietndanintininna% 


Urobilinogen ...normal 


at See 60min. 45% 
120min. 55% 


Laboratory Findings in Coronary Insufficiency 





Blood Findings 


R.B.C. ...... 391 x 104 
WB. GC.  cccccceee 5,800 
BERR, cccossscccaccnseed 88% 


B.S. R. (Westergren 
1 hr. 11 mm. 
2 hr. 30 mm. 


Blood Smear (% 


Neutrophils, Band ...4 


" Seg ...58 

SID. sndinnsacineesduatal 

BNI ccoceicibueanibiaimibadasil 0 

ee iciicastanistenoninal 3 

EWRRBRS -c.ccccsccvecees 30 
Wassermann ........- - 


Blood Chemistry 


Serum protein 


Total protein ......... 7.4Gm./100ml. 

PINE: sievenicnnesiics 4.3Gm./100ml. 

Gh nvcinceioenae 3.1 Gm./100ml. 
Total cholesterol ...... 179 mg. /100ml. 
34 eae 29.1 mg./100ml. 
is, ‘kadeauicecadaniaaadiieindeae 3.6 mEq./L. 
Mucoprotein _........+++- 65 mg./100ml. 
PUNSEET instesiuindincmeniiaiendast normal 

Liver Function 

RPG - sncdenidastaashidderienineneicaeenal 7.1 
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Renal Function 
Urinalysis 
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Urobilinogen ...normal 


NS elie ttaipiantaaieenl —) 


J S ae 60 min. 65% 
120 min. 75% 


aa ea ti 


+ 
| 
: 
* 








_s INTERNAL MAMMARY ARTERY LIGATION 18] 


aVi, and V,,5,5, and coronary 'T were seen in the ECG (Fig. 5). During the 
hospitalization the ECG tracings did not change and the cause of enlargement 
of the heart and coronary insufficiency could not be explained. 
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Fig. 5. ECG of case No. 1, female, 21 years old. 


Due to the persistent subjective symptoms, bilateral mammary artery liga- 
tion was performed 2 months after the hospitalization. About 2 weeks after 
the surgery, a remarkable improvement in subjective symptoms was seen. One 
month after the ligation, a slight improvement in both the depression of ST 
and coronary T was observed but no further changes were seen thereafter. 
An electrocardiogram of a year later did not reveal any changes. The patient 
was discharged 3 months after the surgery and is now leading a normal life 
after 2 years, 
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Case No. ll: 


cant. 


A 30-year-old male. 
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Family and past histories were insignifi- 


In April, 1960, constriction of the chest on effort and palpitation were 


first experienced and by June of the same year chest pain became stronger 


and radiation to the 
was seen in the chest 
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30 years old. 


T-wave was seen in V3 (Fig. 6). 


Mammary artery ligation was performed a month after the hospitalization. 


A slight improvement of the subjective 


reduction of attacks was seen. 





symptoms 


together 


with a marked 
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Electrocardiographic tracing a month after the surgery showed a disap- 
pearance of negative Tin I and V, showing an almost normal pattern. How- 
ever, post-exercise ECG taken 3 months post-operatively showed a steplike ST 
depressions in V4,5,¢, in spite of improvement in exercise tolerance. The 
patient was discharged 3 months after the ligation and is enjoing a nearly 
normal active life. 

Case No. 3: A 56-year-old male. Paroxymal tachycardia believed to be 
due to arteriosclerosis was present and frequent attacks continued for several 
days. Electrocardiographic tracings showed nodal rhythms. ‘Two months 
after the hospitalization, the mammary artery ligation was performed. This is a 
case where a striking improvement was seen with the disappearance of attacks a 
few days after the surgery. ‘The case presented here is not, in a true sense, similar 
to other coronary patients but the fact that good results were obtained under 


these circumstances holds much interest. 


Discusson 


An adequate treatment for myocardial infarction and coronary 
insufficiency presents difficulties because of the complicated pattern of 
coronary disease. Since the basis of coronary disease is generally accepted 
as arising from coronary sclerosis, it is reasonable to find self-limiting 
effect of vasodilatating preparations. Under these circumstances the 
problem of surgical treatment naturally arises but a surgical intervention 
must be minimal especially in coronary cases. 

In this respect the techniques of the pioneers in surgical treatment 


of coronary disease, Beck®? and Thompson”, are exceedingly effective as 


Table VI. Results in Operated Cases 





Infarction Coronary insufficiency 
Number of cases 14 12 
Excellent 4 l 
Gocd 2 3 
Results Fairly good J 4 
No change 2 4 
Worse ] 
Death 2)* ly 


* died after recurrent attacks of infarction within 3 months 


** died of brain hemorrhage, symptomless before death 


Brofmann® has mentioned in his papers. However, a 5% mortality in 
255 cases prevents further attempts to confirm these results in our depart- 
ment, 
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The mammary artery ligation as first proposed by Fieschi is now 
gradually being reconsidered and is becoming a center of interest 
although many critical views were presented before Glovers et al., 
Batterzzati,'” Tagliaferro and others reported favourable results with this 
method. In Japan, we!” have experienced 26 patients with coronary 
insufficiency and myocardia! infarction who have undergone the mammary 
artery ligation since 1958. The follow-up studies for 2 years were 
carried out and a 73% effectiveness was obiained (Table VI). Even in 
the old myocardial infarction revealing almost constant changes in the 
ECG patterns improvement in the coronary T-wave and ST depression 
was seen in 6 cases (Table VII). 


Table VII. ECG Changes of Myocardial Infarction 
after Mammary Artery Ligation 





ST ey Course 
Cases ECG extent of 
pre-ope. post-ope. pre-ope. post-ope. follow-up 
1 | | Vose _ 1 1,V ss if a Good lyr 4m 
2 i View | Vise No change 1.5 m* 
> |TV a T Wess coronary (V4-.) coronary (V,4-, No change 2yr 
4 1 Ves 1\ coronary (V,,,) coronary (V,,. No change 10m 
> |b Vans | V;-3 coronary (V,-,) coronary (V,-,) Good 2yr 2m 
6 [IN V,,, | UI V,,, coronary III] coronary III No change 3.5 m* 
7 \T Ves t Wass | 1 No change 6m 
8 [III | T1101 coronary II,III coronary II,III No change 9m 
9 | Viu-e T Vix | coronary V,-, [coronary V,-, Supravent. 2 yr 
extrasystole( — ) 
Good 
10 \|TV,-; lV, No change 3m 
WT VaR t Vin | I,I V,-, | 1,11 V,-, No change lyr 
@ i iv¥.. T Vax | Ve-g T Ve~s Good lyr 3m 
iS |TV:-s |v coronary (1,V,,.,) coronary (I,V,,,) Good lyr 6m 
14 TV,-; lV, coronary (V,-,) coronary (V,-,) Good 6m 


* Course before death 


In coronary cases, 5 out of 12 cases presented a normalization of ST, 
T in ECG tracings (Table VIII) and a remarkable improvement was 
seen especially in the ECG of exercise tests. In one instance of nodal 
tachycardia which was believed to be due to arterioscleosis, a complete 
disappearance of attacks was seen after mammary artery ligation. 

These observations are indeed of great interest and lead to much 
speculation. In one case of mammary artery ligation, marked difference 
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in autopsy findings from the control group of myocardial infarction was 
seen. Here an abnormal dilatation of the myocardial capillaries 
indicated the beneficial effects of the operation on the coronary circula- 





tion. 
Table VIII. ECG Changes in Coronary Insufficiency after 
Mammary Artery Ligation 
ST ¥ Course 
Cases ECG extent of 
pre-ope. post-ope. pre-ope. post-ope. follow-up 
1 | TaVu V,4-. Tf Vi-. coronary T Vs-6 Good lyr 4m 
I,aVu,V>2-s 
2 1Vinn T Views | Vi~s T¥,-, Good 2yr 7m 
3 Paroxysmal 2yr 4m 
tachycardia 
Good 

+ | Vsv6 | Vss6 No change 6m 

5 | Vis6 | Vss6 No change 2 yr 
6 | Vu-6 | Ve-s coronary V,-, coronary V4-. No change l yr 5m* 
ae | Ve-s | Vu-e T Ve-s Good lyr 9m 
8 JUNI Vy-, | W,NI V,-, coronary V,-, coronary V,4-. No change ly1 8m 
- i Vas | Vu-6 | Vss6 | Vss0 No change lyr 5m 
10 | Vise | Vss6 No change 10m 
Ss Vee 1 View ) coronary 1 IraV1,V, Good 4m 

* LaV.,V, 

12 normal normal normal lm 


* Course before death 


On the other hand, there are reports which doubt the efficacy of 
this method and stress the factors of sympathetic nervous system because 
of instances where anginal pains were alleviated by incision of the skin 
alone. However, in our cases local procaine injections at the operation 
site did not bring about any improvement in subjective symptoms and 
it was only after mammary artery ligation that improvements were seen. 
The nervous factors naturally can not be neglected but the results also 
indicate that the changes in the blood flow to the heart muscle can 
determine the degree of symptoms. 

The follow-up study of post-operative group for over 2 years indicat- 
ing loss of anginal pain and slight improvement of ECG also supports 
the views that this surgical procedure increases the coronary flow and 
has lasting beneficial effect on these conditions. Experience also suggests 
that this procedure be carried out on those cases where the clinical and 
ECG findings are stationary for at least to 3 months. However, in the 
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cases where internal mammary arteries are already severely sclerotic, 


this method is not recommended. 


SUMMARY 


(1) The effect of bilateral internal mammary artery ligation on 
coronary disease was discussed and the simplicity and the largely 
beneficial results were emphasized. 

(2) The ECG changes in 26 cases of coronary insufficiency and 
myocardial infarction placed under this surgical procedure were studied 
and a slight improvement was observed. 

(3) Those cases showing marked sclerotic changes in the mammary 
arteries during the operation did not show any improvements. 
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Studies on Fibrillation 
Ordinary Action Potential and Interaction Potential 


Hiroto MASHIBA, M.D. 


The definition of fibrillation is incoordinate movement or separa- 
tion of units in movement. 

When fibrillation occurs, each muscle fiber gives some effect on 
others. Thus, ordinary action potential of one fiber interferes mem- 
brane and action potentials and induces various types of interaction 
potential in adjacent fibers because of the change in voltage field 
and extrinsic current. Ventricular muscle fiber of frog in hypertonic 
solution is believed to conduct its excitation through myo-myo-junc- 
tion potential which appears as hump in depolarization phase, and 
thus electrical alternans are observed. Intracellular action potential 
in muscle fibers of Bulbus arteriosus of toad in Ringer’s solution is 
akin to the above-mentioned fact, and various types of interaction 
potential appear. Electrical activity of frog striated muscle in Ca- 
deficient solution also affects incoordinately each other and exhibits 
interesting properties of interaction potential. 

It is considered that fibrillation, when observed from the point 
of view of membrane potential, is the phenomena complicatedly 
combined with ordinary action potential and the interaction poten- 


tials. 


yun action potentials among ordinary action potentials were observ- 
ed in studies on intracellular action potential in cardiac fibrillation” >” 
and concealed conduction.» Since each muscle fiber in fibrillation con- 
tracts separately, ordinary action potentials of one fiber give electrical 
effects on adjacent fibers as extrinsic current. In visceral smooth muscle, 
excitation transmits to next fiber through myo-myo-junction potential.” 
Easton observed intracellular action potentials modified by adjacent fiber 
activity in striated muscle,®”® however Katz objected to this.” Recently 
Easton reported this fact again.” In order to observe the effects of ex- 
trinsic current induced from adjacent fiber activity on intracellular action 
potential, the author compared various types of interaction potentials in 
ventricular muscle, vascular muscle and striated muscle. 
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Meruop AND MarTERIALs 


Isolated heart with Bulbus arteriosus and isolated striated muscle were im- 
mersed in the following solutions. 

1. frog ventricular muscle 

NaCl 1.3%, CaCl, 0.02%, KCl 0.02%, NaHCO, 0.02% 
Concentration of NaCl in this solution is twice that in normal Ringer’s 
solution. 

2. muscle in Bulbus arteriosus of toad 

NaCl 0.65%, CaCl, 0.02%, KCl 0.02%, NaHCO, 0.02% 
This is normal Ringer’s solution. 

3. frog striated muscle (m. sartorius) 

NaCl 0.74%, CaCl, 0.001%, KCl 0.001%, NaHCO, 0.09%, NaH,PO, 
0.01%, glucose 0.09% 

This modified Krebs’s solution contains only 1/20 of the ordinary 
amount of each of CaCl, and KCl. 

All experiments were carried out at room temperature. Glass capillary 
ultramicroelectrodes, filled with 3 Mol-KCl, were used. The resistance varied 
from 10 to 20 MQ. A conventional cathode follower input stage was used 
(input valve 12 AU 7) and connected to a cathode-ray oscilloscope. 


REsu.ts 


1. Intracellular action potential of ventricular muscle fiber in hyper- 
tonic solution was ordinary action potential at the beginning but spike 
disappeared and a hump was formed in depolarization phase and then 
all action potential diminished. In this process, electrical alternans, the 
phenomena that ordinary action potential and small action potential 
appeared alternately, was observed (Fig. 1). 

2. Ordinary action potential in Bulbus arteriosus could be divided 
into 2 groups. One has a clear spike discharge and the other was slow 
in all repolarization processes. ‘There were various types of small potential 
preceding the ordinary action potential. These were as follows; positive 
coupled potential, positive single potential (electrical alternans), biphasic 
potential and negative potential. And in depolarization phase hump was 
observed as in cardiac fiber (Fig. 2). 

3. Various types of small potential in striated muscle were revealed. 
There were summation of small potential, negative potential, electrical 
alternans, grouped discharge, pace-maker potential and the combination 
of these small potentials (Fig. 3). 
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Fig. 1. Intracellular action potential of ventricular muscle 
fiber of frog in hypertonic solution. From A to C and from D 
to F indicate changing process of action potential. In G and H 
electrical alternans is seen. Upper straight line is the zero poten- 


tial level. Calibration voltage; 1|OmV. Time mark; 100 msec. 


Discuss1on 


It has been thought that cardiac muscle forms syncitium and that 
excitation transmission goes through protoplasmic continuity. But recently, 
electron-microscopic findings revealed the bordered portion between cells,” 
and electrophysiologically cardiac muscle has been reported to be non- 
syncitial in nature.'”’! Thus, when cardiac muscle is brought to the 
situation in which the functional connection is cut, interaction between 
each fiber is probably clear. The movement of visceral smooth muscle 
which has been studied by many investigators is understood essentially 
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Fig. 2. Two types of ordinary action potential and various types of interaction 
potential of Bulbus arteriosus of toad in normal solution. A— positive coupled 
potential, B— positive single potential (electrical alternans), C— continued single 
potential, D biphasic potential, E— negative potential and hump-formation in 
depolarization phase The zero level, calibration voltage and time mark are equal 


to the above. 


to be fibrillation, but the report on vascular muscle are rare!” and a 
single report'® on Bulbus arteriosus considered the presence of shift point 
from cardiac muscle to vascular muscle. 

In these 3 kinds of muscle, in addition to ordinary action potential, 
various types of small potentials which may be called interaction potential 
are considered to be induced by extrinsic current and to be affected by 
the excitability of penetrated fiber as well as the grade of excitation, its 
direction of spread and its distance from adjacent contracting fibers. 
Analogized from visceral smooth muscle, the formation of hump in de- 


polarization phase in cardiac muscle may be considered to be myo-myo- 








ial FIBRILLATION 49] 





Fig. 3. Various types of interaction potential of frog striated muscle in Ca- 
deficient solution. <A summation of small ‘potential, B— combination of small 
potential and negative potential, C— electrical alternans, D— grouped discharge, 
E combination of pacemaker potential and negative potential. Upper straight 
line is the zero potential level. Each vertical line and horizontal line indicate 
10 mV. and 100 msec. 


junction potential. This myo-myo-junction potential is also a kind of 
interaction potential and spreads through normal pathway and stimulates 
the next fiber above its threshold. 

On fibrillation, existence of multiple re-entry and multiple variable 
pathway and justice of multifocus theory and circus theory have been dis- 
cussed. By further experiment analysing these interaction potentials, 
these points will become clear. 


SUMMARY 


Fibrillations in cardiac muscle, vascular muscle and striated muscle 
were studied from the point of view of membrane potential, especially 
ordinary action potential and interaction potential. 


(1) Ventricular muscle fiber of frog in hypertonic solution showed 
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hump-formation in depolarization phase and electrical alternans. 


(2) Intracellular action potential in muscle fiber of Bulbus arteriosus 


of toad in Ringer’s solution exhibited various types of interaction potential. 


(3) Electrical activity of frog striated muscle in Ca-deficient solution 


revealed interesting properties of interaction potential. 


= 


wt 
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Further Studies on the Inhibitory Effects of Synthetic 
Sulfated Monosaccharides on Experimental 
Atherosclerosis 


Katsumi MURATA, M. D. 


Sodium salts of sulfated glucosamine and glucuronic acid were 
used to study the effects on hyperlipemia and atherosclerotic changes 
in rabbits induced by cholesterol feeding. Both materials were in- 
jected intravenously everyday throughout the experimental periods, 
together with cholesterol feeding. Inhibitory effects of these materials 
were proved on serum lipid fractions in the various periods and-on 
atheromatous changes following the long term administration, ac- 
cording to the results of biochemical analysis of serum lipids and 
macroscopic or histologic observations of the aortic walls. Neither 
anticoagulant activity nor side effects were shown. Possible significance 
of natural or synthetic sulfated saccharides in the process of arterio- 
sclerosis was discussed. 


T is generally known that heparin possesses not only an anticoagulant 
I but an antilipemic activity. Furthermore, heparin seems to have an 
inhibitory effect on experimental atherosclerosis,’ ~® though there are still 
contradictory opinions reported, and it has been used clinically for treating 
certain atherogenic diseases.” Heparin consists of p-glucosamine and 
p-glucuronic acid equimolecularly, appearing as mono-, di- and trisulfate 
and the sulfate is considered to be linked to glucosamine.» 

On the other hand, Oshima and his co-workers” have successively pre- 
sented the inhibitory effects of chondroitin sulfate from cartilage on lipemia 
and atherosclerosis. Chondroitin sulfate obtained from shark cartilage as 
chondroitin sulfate A or C, is composed of N-acetylgalactosamine, p- 
glucuronic acid and sulfate, and depolymerized by testicular hyaluronidase, 
However, it contains more than one sulfate residue per acetylgalactosamine 
in difference to chondroitin sulfate A or C, both of which contain one 
sulfate residue.” Suzuki has recently reported that chondroitin sulfate 
from shark cartilage showed a great difference in the incorporation of 
radioactive sulfur into mucopolysaccharide compared with chondroitin 
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sulfate A, B, or C and he postulated that sulfate residue in chondroitin 
sulfate from shark cartilage should be linked to glucuronic acid as well 
as to galactosamine. 

In this paper the author intends to describe the study of inhibitory 
effects of synthetic sulfated monosaccharides on lipemia and atherosclerosis 
in cholesterol-fed rabbits, since certain synthetic sulfated saccharide, even 
in a low molecular size, had similar inhibitory effects on lipemia and 
atherosclerosis to natural sulfated polysaccharides including heparin, as 
has been reported in the previous report.” 

In view of these connections, sulfated glucosamine and glucuronic acid 
are prepared synthetically due to the sulfation of glucosamine and glucuronic 


acid. 


MareriAcs AND Mertuops 


Sodium salt of glucosamine sulfate containing 9.9% sulfur was used for 
the first experiment. Sodium salt of sulfated glucuronic acid, which was used 
in the second experiment, containing 19.9% sulfur, seemed to be mainly 
trisulfate and partly disulfate, since this material consisted of 2.71 mol of sulfate 
per | mol of glucuronic acid. It had no lactone ring according to infrared ab- 
sorption spectra. 

A number of male albino rabbits, weighing on an average 2.5 Kg., were all 
given a daily diet containing 250 Gm. of bean-curd-mash mixed with cholesterol, 
100 mg. per Kg. of body weight, during the entire course of the both experiments. 
The test animals were daily given intravenously each material, at a dose of 
5 mg. per Kg. of body weight in physiological saline solution, while the control 
animals were injected with an equivalent amount of saline solution. For the 
first experiment which was carried out for a period of 18 weeks, the animals 
were randomly divided into the glucosamine sulfate-injected group (test group) 
of 18 rabbits and its control group of 19. In the second experiment for a period 
of 12 weeks, the animals were divided into the sulfate glucuronic acid-injected 
group (test group) of 10 rabbits and its control of 6. 

In comparison with the values in the serum lipids in the various periods, 
the determinations of serum turbidity, total lipid, total and esterified cholesterol, 
phospholipid and 8/a lipoprotein ratio in the serum were done by the methods 
described in the previous report,” at 2 week intervals throughout the course of 
the experiments. 

Following the above biochemical studies, the animals were killed to observe 
atheromatous changes mainly in the aorta and coronary arteries, and also 
pathological findings in the other organs, namely in the liver, kidney, lung, spleen 
and adrenal gland. 

Macroscopic examination was made on the atheromatous lesions in the 
whole extent of the aorta, from the aortic arch to the iliac bifurcation, and the 
gross grading of severity of the atheromatous lesions was made into 6 grades, as 
reported previously,®>!”’ according to the distribution of deposits or plaques. 


Microscopic study was carried out, according to the methods described in 
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the previous reports,» to detect the fine atheromatous changes in the aorta 
and coronary arteries, and to observe any pathological changes in the other 
organs. In order to compare the microscopic changes in the aorta, histological 
specimens were taken from a part 5 to 10mm. caudal from the orifice of the 
left subclavian artery of each animal. 


REsuLts 


Experiment 1. Table I summarized the serum lipid patterns in the 
various periods of the first experiment. It can be generally seen that 
glucosamine sulfate suppressed hyperlipemia induced by cholesterol feeding. 


Table I. Serum Lipid Patterns in Cholesterol-Fed plus Glucosamine 
Sulfate-Injected Rabbits and in Cholesterol-Fed 
Rabbits (Control) 





Body Total Total an 
Duration —— lipid cholesterol wage Phospholipid C/P 3/a lipopro- 
weight : ratio . i . 
(weeks) (Kg.) (mg. / (mg. (%) (mg./100ml.) ratio tein ratio 


100ml.) 100ml.) 


Glucosamine Sulfate 
Before 2.42+0.04+ 320 + 27 56 + 4 71.8+2.2 81 + 6 0.69 +0.06 2.15 +0.09 
2 2.40+0.09 637 + 47 163t+ 9 71.2+1.6 210 +13 0.78 +0.03 2.43 +0.09 
4 2.74+0.10 839t+ 50 271*+15 71.341.9 303f+15 0.90t+0.01 2.53 +0.10 


6 2.79+0,06 1152t+ 56 330t+27 63.94+1.3 288++19 1.15++0.02 

8 2.57+0.21 12507+107, 348{+39 77.5+3.7 293 +36 1.19¢+0.03 3.30 +0.28 
10 3.03+0.24 1250 +204 422 +45 67.74+4.2 359 +47 1.18 +0.12 3.02++0.17 
14 2.99+0.16 1328*+139 418*+45 72.44+1.6 358 +25 1.17¢+0.12 2.56 +0.37 
18 3.08+0.20 1475*+ 93 415*+46 68.342.4 277*+30 1.50 +0.06 2.75 +0.12 


Control 


Before 2.51+0.01 308 + 21 56+ 6 70.2+2.6 76 + 3 0.74 +0.02 2.01 +0.06 
2 2.40+0.05 631 + 35 183 +16 67.5+1.6 205 +19 0.89 +0.04 2.33 +0.06 
4 2.71+0.03 1381 + 42 363 +11 70.6+2.8 363 +11 1.00 +0.01 2.67 +0.14 
6 2.63+0.07 1866 + 84 554 +14 60.1428 409 + 9 1.35 +0.04 
8 2.50+0.04 2103 +152 579 +42 66.1+1.2 326 |4+22 1.78 +0.07 4.65 +0.12 
10 2.89+0.10 1740 +135 501 +35 63.9+1.1 363 +35 1.38 +0.05 4.99 +0.38 
14 2.80+0.13 2135 +279 662 +50 71.942.5 397 +32 1.67 +0.04 3.37 +0.24 
18 2.93+0.11 2835 +395 719 +60 72.2+1.2 466 +66 1.54 +0.21 


*..-P<0.05 +---P<0.01 t---mean and standard error 


The most remarkable inhibitory effect was shown in the serum total lipid 
and total cholesterol in the treated group. Significant differences in the 
mean values of the total lipid and total cholesterol were noticed in the 
glucosamine sulfate-treated group throughout nearly all the periods after 4 
weeks from the beginning of the experiment, comparing with those of control. 
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The mean values of cholesterol and phospholipid ratio likewise showed 
less increase in the test group than in the control with a statistic signifi- 
cance mainly in the middle periods of the experiment. In the mean 
values of phospholipid and of §/a lipoprotein ratio, significant differences 
were obtained independently in the test group. 

Macroscopic examination showed that the atheromatous changes in 
the aortic wall were generally seen much less in the glucosamine sulfate- 
treated rabbits than in the control as judged by gross grading scale based 
on the distribution, size or number of the lipid deposition and plaques. 
In the portion from the aortic arch to the thoracic aorta most frequently 
were observed well-established atherosclerotic changes. The lesions on the 
aortic surface were minute or inconspicuous in the abdominal aorta except 
at the orifices of branch where well-defined small plaques frequently 
protuberated. Even in the glucosamine sulfate-treated rabbits, these 
protrusions were occasionally noticed, surrounding the orifices though far 
less than in the controls. The range of the grading scale in the test 
group was 0 to 3, with an average of 1.91, while that in the control was 
3 to 5, with an average of 4.01. The difference of the data between the 
2 groups seems to support the biochemical results. Thus, it is evident 
that glucosamine sulfate suppresses not only hyperlipemia but also develop- 
ment of atherosclerotic lesions. 

Microscopic study revealed these results much clearly. In the early 
stages of the atherosclerotic lesions mucinous substances which stain meta- 
chromatically with basic dyes faintly appeared beneath the internal elastic 
membrane or swollen endothelium (Fig. 1, A). On occasion, foamy trans- 
formation was seen in the endothelium in these stages (Fig. 1, B). 





Fig. 1. Initial changes in the intima. A, mucinous 
substance appears, as pointed by arrows, beneath the 
swollen endothelium where pyknotic nuclei are seen. 
Hematoxylin and eosin stain, x 330. B, foam cells in the 
endothelium of the thoracic aorta. fc, foam cell. Masson’s 
trichrome stain in combination with Gomori’s aldehyde 
fuchsin stain, x90. 
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'requently sudanophilic granules were observed which deposited on or 
infiltrated in the endothelium. Most apparently were shown lipid deposi- 
tions in the intima in the more advanced stages, when intimal proliferation 
occurred accompanying the discontinuity or rupture of the elastic 
membrane and the accumulation of metachromatic or PAS positive sub- 
stances underneath the intimal layer. These changes were usually observed 
in the aorta of the control rabbits, and in severely affected cases of the 
treated rabbits. The atheromatous damages in the intima, however, were 
fairly less in the glucosamine sulfate-treated rabbits in comparison with 
those in the controls. Fig. 2 illustrates the narrowing lumen of the 





Fig. 2. The lumina of branch originating from the 
aortic arch are narrowed with the thickened intima, as 
indicated by arrows, in the middle portion. Upper arrows 
show the rupture and discontinuity of the internal elastic 
membrane. I, intima; M, media; ei, elastica interna. 
Same stain as Fig. 1-B, x90. 


branch arteries arising from the aortic arch in a treated rabbit, with foam 
cells and partly fine elastic fibers, and also showing the proliferated intima 
accompanied with the fragmentation of the internal elastic membrane at 
the upper portion. In the more advanced stages when lipid droplets 
infiltrated toward the media, no coincidence was seen with the portion of 
the lipid deposition and the intensity of metachromasia in the media. 





Fig. 3. Accumulation of metachromatically staining 
substance underneath a protuberance in a control. A, 
adventitia. Toluidine blue stain, x 40. 
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Metachromatically staining substances in the advanced cases accumulated 
in the media beneath the protuberance from the intima, which was 
scarcely stained metachromatically (Fig. 3). As mentioned above, athero- 
matous plaques at the orifices of branches which occurred earlier, more 
frequently and more severely than elsewhere, showed abundant lipid 
infiltration or foam cell formation (Fig. 4). There could not be seen any 





Fig. 4. Atheromatous plaques in the orifice of the 


subclavian artery in a control. Same stain as Fig. 2, 


< 38. 


definite parallelism in severity of intimal changes between the aorta and 
coronary arteries. Fig. 5 shows the almost obliterating coronary arterioles 
in a control rabbit with diffusely sudanophilic staining lipids, and Fig. 6 
likewise illustrates lipid droplets which deposited in the endothelium of the 





Fig. 5. Lipid deposits in all the layers Fig. 6. Sudanophilic granules deposit or 





of coronary arteries in a control. Sudan III infiltrate in the intimal layer of a glucosamine 
and hematoxyline stain, x 140. sulfate-treated rabbit. Same stain as Fig. 5, 
x 48. 


coronary artery of a severely affected test rabbit. 

Changes in the liver were noticed apparently from rather early stages 
than in the other organs. It was encountered usually that Kupffer’s stellate 
cells phagocyted fat droplets with vacuolization of hepatic cells. In a few 
control cases, sudanophilic granules deposited in the bile duct and small 











: : EFFECT OF SULFATED MONOSACCHARIDES 499 


arterial wall in the liver (Fig. 7), in the proxymal convolution and in the 
arterial wall of the kidney (Fig. 8). 





Fig. 7. Lipid deposition in the bile duct Fig. 8. Lipids stain diffusely in the layers 
and arterial wall in a control. a, arteriole; of renal artery in a control. Same stain as 
bd, bile duct. Sudan III and hematoxyline Fig. 7, x 130. 

stain, x 130. 


Experiment 2. The results of the serum lipid determinations in the 
second experiment which was conducted over a period of 12 weeks with 
sulfated glucuronic acid administration, were listed in Table II. Inhibitory 


Table II. Serum Lipid Values in Cholesterol-Fed plus Sulfated 
Glucuronic Acid-Injected Rabbits and in Cholestero!- 
Fed Control Rabbits 





— Body Total Total — 7 acs 
— weight Turbidity lipid cholesterol per tiny a pe 
ae Kg.) (mg./100 ml.)(mg./100 ml.) — i ; ? 
Sulfated Glucuronic Acid 
2 14.0* +1.7 433+ 71 96+ 6 130+ 6 0.74 +0.02 
+ 31.8 +8.6 1090+281 167+42 - 145+24 1.15 +0.15 
6 20.0 +4.7 1136+211 210+29 160+25 1.31 +0.14 
8 2.51+0.10t 36.6 +5.1 1448+180 214+37 63.0+2.7 252+27 0.85 +0.07 
10 24.4 +4.7 1498+165 344+61 64.4+0.5 340+ 29 1.01* +0.08 
12 2.55+0.09 25.6 +6.2 1195+204 238+ 30 235+ 35 1.01 +0.08 
Control 
2 — 22.8 +1.6 807+126 138+19 135+13 1.02 +0.20 
4 38.8 +5.4 1345+129 191+19 154+14 1.24 +0.18 
6 20.6 +2.5 - 1145+271 257+ 30 175+36 1.47 +0.15 
8 2.49+0.14 47.5 +7.9 1450+337 288+68  65.0+5.2 265+55 1.09 +0.12 
10 26.3 +3.4 1583+ 32 446+ 37 66.7+2.1 373 +49 1.38 +0.05 
12 2.50+0.01 27.6 +3.8 1473+294 348+45 - 272+55 1.28 +0.02 


*.6P<0,05 t---mean and standard error 
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effects of this material on hyperlipemia could be seen, though not distinctly, 
in each fraction of serum lipids. The differences of the mean values of 
serum total lipid and toal cholesterol were not of great extent between 
the test and control groups. Significant differences in each fraction of 
serum lipids between the 2 groups were shown in the mean values of 
the turbidity at the early period, and in those of the cholesterol and 
phospholipid ratio at the period of 10 weeks. 

Macroscopic findings were detectable similarly as in the first experi- 
ment concerning atheromatous changes, though not clearly as in the first 
experiment. According to the visual grading scale of the atheromatous 
lesions, the score of the sulfated glucuronic acid-treated rabbits was 0 to 
3, with an average value of 1.10, while the values in the control ranged 
from | to 4, with an average of 2.83. Thus, it may follow from this that 
sulfated glucuronic acid retards the process of atherosclerotic changes in 
the cholesterol-fed rabbits with lowering of hyperlipemia. 

Microscopic study of these lesions paralleled the result of gross findings. 
Fig. 9 shows that the increase in metachromasia adjacent to the internal elastic 
membrane in the initial stages was more intense underneath the fat deposi- 


tion than elsewhere. The accumulation of metachromatically staining 
substances was generally observed in the media of the treated rabbits, as 
shown in Fig. 10, being far less in the plaques. In the coronary vessels, 





Fig. 9. Metachromatically staining sub- Fig. 10. Metachromasia is shown far less in 
stance appears beneath the internal elastic a plaque than the media in the advanced 
membrane, as indicated by arrows, in the stages of a sulfated glucuronic acid-treated 
early stages of a control rabbit. Toluidine rabbit. Same stain as Fig. 9, x 48. 


blue stain, x 140. 


foamy transformation and lipid deposition were detectable in the endo- 
thelium without marked difference between the 2 groups. 

Sulfated glucosamine and glucuronic acid were faintly metachromatic 
in vitro. Both materials did not prolong the blood coagulation time by Lee 
and White method as far as at the doses used as one single injection in 
this investigation. 
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Discussion 


There has recently been an intensive emphasis on the study of 
mucopolysaccharides of the aorta which may play an essential role in the 
process of arteriosclerosis. In the initial stages of atheromatous changes, 
an accumulation of metachromatically staining substance, namely muco- 
polysaccharides, is interpreted to associate with the degeneration of the 
internal elastica or to accompany with fibroblastic proliferation.'? It is 
still debatable, however, whether the accumulation of mucopolysaccharide 
in the aortic wall precedes lipid deposition in the region, or essentially 
in reverse. Gore and Barr!” have recently stated on this point that 
mucopolysaccharide accumulates in the arterial wall as a reaction to the 
primary intimal deposition of lipid, but that it does not cause lipid deposits or 
any atheromatous lesions. 

Chemical and enzymatic characterization of the mucopolysaccharide 
fractions of the aortic tissue, on the other hand, revealed that the aortic 
mucopolysaccharide consists of hyaluronic acid, heparitin sulfate, chondroitin 
sulfate A, B'!® and C.'” According to the most recent work by Kaplan 
and Meyer,'» the concentrations of hyaluronic acid and heparitin sulfate 
in the aortic tissue, both of them consist of glucosamine, glucuronic acid 
and sulfate (heparitin sulfate only), show a reverse relation to each other 
with advancing age, that is, heparitin sulfate increases with advancing 
age while hyaluronic acid decreases. In their report, chondroitin sulfate 
A could not be identified in any fraction from the whole aortic tissue. 
It seems to be rather difficult to obtain entirely the same composition of 
mucopolysaccharides from the aortic tissue, since results of the determina- 
tion of mucopolysaccharide fractions and their percentage varied con- 
siderably according to different authors and methods.'!” 

Kirk and Dyrbye'”® have noted that determinations of the amino 
sugar composition of the aortic mucopolysaccharide material showed a 
higher galactosamine and a lower glucosamine content in samples derived 
from old subjects than those from younger adults. 

Mucopolysaccharide from the aortic tissue showed an anticoagulant 
activity» and also a lipemia clearing activity,’ in addition to a well 
known property, staining metachromatically with basic dyes. In 1936 
Bergstrém® reported that glucosamine trisulfate which contains 12.9% 
sulfur showed no anticoagulant activity. Constantinides and his co- 
workers?” noticed an antilipemic activity of sulfated glucuronic acid, though 
not distinctly, without prolonging blood coagulation. 

In view of above observation, it can be seen that the suppressing 
effects of glucosamine sulfate were proved on both hyperlipemia and 
atheromatous changes, and sulfated glucuronic acid likewise showed 4 
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trend to same antilipemic and antiatherogenic effects, though scarcely 
significant. 

It seems to be still questionable whether sulfated monosaccharides or 
polysaccharides of exogenous origin act actually similar to the own 
mono- or polysaccharides in metabolism in the aortic tissue, when they are 
administered into animals or man. However, as can been seen in Table 
Ill, after the intraperitoneal administration of S** labeled sodium sulfate 


Table Ill. Distribution of Radioactive Sulfate in Rat Organs, 
48 Hours after Injection of S** Labeled Sodium Sulfate 





Organ Count* x10c.p.m./Gm. 
Rib 3433 
Skin 2444 
Heart and Aorta 242 
Kidney 155 
Lung 94 
Liver 92 


Na.S*°O, was administered intraperitoneally at the 
rate of 0.5 mec to each suckling rat. 
* Counts were measured on the organs gathered from 


9 animals. 


into week-old suckling rats, a rather higher uptake was shown in the 
heart and aorta, than has been presumed. Microautoradiographic study 
of similarly treated rats indicated a pronounced uptake of radioactive 





Fig. 11. The microautoradiograph shows radioactive sulfate 
fixed in the aortic wall of the suckling rat. x 43, 
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sulfur in all the layers of the aortic wall (Fig. 11), but scarcely fixed in 
the cardiac tissue. Accordingly, nearly all of the radioactive sulfur should 
be incorporated into the aortic tissue. Odeblad and Bostrém*” postulated 
that the incorporation of S* labeled sodium sulfate took place in the 
aortic tissue, in form of ester-bound sulfate in chondroitin sulfate. The 
incorporation of radioactive sulfate in chondroitin sulfate was enhanced 
by glucosamine and galactosamine, and the effect of glucosamine extended 
far beyond that of galactosamine.*® Layton presented**? some evidence 
that the aortic tissue may retain its high sulfate fixation rate even in 
adult life. It appears probable, therefore, synthetic mono- or polysac- 
charides, as well as inorganic sulfate, are incorporated into the aortic 
tissue and furthermore are utilized in the synthesis of sulfate containing 
polysaccharides. It is likely that these sulfated saccharides in the arterial 
wall act in self defence to stabilize the connective tissue fibers and 
facilitate the reparing process against aortic damages when the arterial 
wall is affected due to atherosclerotic or other changes. Therefore, the 
administration of sulfated saccharides would be justified against hyper- 
lipemia and arteriosclerosis. 


SUMMARY 


(1) Synthetic glucosamine sulfate exhibited experimentally suppres- 
sing effects on hyperlipemia and atheromatous changes in rabbits induced 
by long term administration of cholesterol, as judged by biochemical 
determination of serum lipid patterns and by macro- and microscopic 
observations of the aorta. 

(2) Sulfated glucuronic acid likewise inhibited the increase in 
serum lipids induced by cholesterol feeding, with a trend to inhibit 
atherosclerosis. 

(3) No anticoagulant activity was shown with the both materials 
as far as at the doses used here. 
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The Role of Neural Factors in Experimental 
Renal Hypertension 


Yoshiaki MASUYAMA, M.D.,* Yogo YAMANAKA, M. D.,* 
Yukiko OHNO, M.D.,* Noboru INOUE, M.D.,* Kikuo 
SUGIYAMA, M.D.,** Tadashi MURATA, M.D.,** and 

Hiroshi SUZUKI, M. D.** 


The peripheral vascular reactivity, function of baroceptors and 
sympathetic activity were studied in experimental renal hypertensive 
dogs and the isolated smooth muscle strips of renal hypertensive 
rats. Increased sensitivity of peripheral vessels to noradrenaline was 
demonstrated in vivo and in vitro experiments in hypertensive dogs. 
The baroceptors were resetted to the higher blood pressure level, and 
their sensitivity itself remained unchanged in renal hypertension. 
The sympathetic overactivity was not recognized in hypertension. 
Thus, only increased sensitivity of peripheral vessels to noradrenaline 
contributes to a part of the pressor mechanism in renal hypertension, 
while the baroceptors and sympathetic activities are passively adjusted 
to the higher blood pressure levels in hypertension. 


yee Goldblatt succeeded in the production of experimental renal 
hypertension in rabbits in 1934,” many studies on the humoral mecha- 
nism of hypertension, especially on the pressor substances, have been 
reported.»>® Thus, many findings were accumulated in this field. On 
the other hand, symptoms and signs of essential hypertension suggest that 
neural disorders are involved in the production and the maintenance of 
hypertension, and the important role of the nervous system in essential 
hypertension is also pointed out by the fact that most of the current, 
effective antihypertensive drugs interfere with sympathetic vasoconstrictor 
outflow. From these points, attentions have been given to the neural 
factors in hypertension. The mechanism of the production of renal 
hypertension may be studied from the points of the pressor substances 
and the reactivity of the blood vessels in the hypertensive subjects. An 
attempt was therefore made to study from the latter point. The follow- 
ings are considered to influence the reactivity or responsiveness of the 
blood vessels; (1) increased sensitivity to normal amounts of pressor 
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substances or changes in the reactivity of the smooth muscles, (2) changes 
in baroceptor functions, and (3) sympathetic activities. 

Generally, experimental renal hypertension goes through an early 
acute phase before the prolonged chronic phase becomes established. A 
change in the basic mechanism of the 2 phases seems to be established. 
%-?) ‘The humoral mechanism may mainly play an important role in 
the acute phase, while the neural mechanism is important in the chronic 
phase. However, here still remain some questions. Is there any change 
in the reactivity of blood vessels in hypertension? Why do_ baroceptors 
fail to react to the elevated blood pressure? Does sympathetic overactivity 
participate in the renal hypertension ? 

The present study is concerned with testing the possibility of vascular 
hyperresponsiveness, the changes in baroceptor functions and sympathetic 
overactivities in renal hypertension. Thus, (1) The effect of anesthetics 
on the blood pressure was tested in renal hypertension to see the general 
role of the nervous system, and the pressor responses to noradrenaline, 
angiotensin and Pitressin were tested before and after the production of 
renal hypertension in the same dogs. On the other hand, the responsive- 
ness to these agents of the isolated smooth muscle strips of intestine or 
uterus of normotensive and hypertensive rats was tested to find the real 
hyperresponsiveness: (2) The activity of carotid sinuses was tested by the 
isolated perfusion of carotid arteries at the different intrasinusal pressure 
in normal and renal hypertensive dogs: And (3) the effect of ganglio- 
plegics on blood pressure and the influence of extensive sympathectomy on 
blood pressure were compared in normotensive and hypertensive dogs. At 
the same time, the urinary excretion of adrenaline and noradrenaline was 
measured in the course of the production of experimental renal hyper- 


tension in dogs. 


Meruops 


Production of renal hypertension in dogs and rats: 

Renal hypertension was produced in 34 dogs by partial constriction of renal 
artery on one side by a silver clip and contralateral nephrectomy, or by uni- 
lateral perinephritis induced by cellophane (Du Pont)-wrapping by Page’s 
method and contralateral nephrectomy.” >” 

Renal hypertension was also produced in 14 adult female albino rats by 
partial constriction of one renal artery by Byrom and Wilson’s method,’ cello- 
phane-wrapping by Page’s method,” or by 8 figure ligation by Grollman’s 
method.'? 

Blood pressure measurement and recording: 

Arterial blood pressure was measured by direct puncture of one femoral 
artery once a week in the course of the production of renal hypertension in 
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unanesthetized dogs. Except checking the blood pressure, dogs were anesthetized 
by pentobarbital (30mg./Kg. of body weight) and the level of the anesthesia 
was maintained by intramuscular injection of small doses of pentobarbital in all 
experiments in dogs. The blood pressure was recorded on the smoked drum 
by a mercury manometer connected to a canulated femoral artery. The arterial 
blood pressure was measured in unanesthetized rats by modified Gallagher and 
Grimwood’s microphonic method described by Ito and Amano.'” 

Depressor responses to anesthetics : 

Under local anesthesia by procaine, a canula was inserted into the femoral 
artery of dogs. Sodium pentobarbital (30 mg./Kg.) was injected intravenously 
in one and a half minutes and the blood pressure was recorded continuously 
for 20 minutes after the injection. 

Pressor responses to vasoactive agents and depressor responses to ganglioplegics : 

The rise of blood pressure by the intravenous injection of a single dose of 
noradrenaline (5~10 gamma), angiotensin (0.5~1.0 gamma) and Pitressin (0.1~ 
0.2 units) was recorded before and after the production of chronic renal hyper- 
tension in the same dogs. The depressor responses to pentolinium (25 mg.), 
hexamethonium (5mg., 12.5mg.), tetraethylammonium bromide (50 mg.) and 
K K-25-S (N-dimethyl-aminopropy]-4, 7-endoethylene-3, 4, 7, 8-tetrahydro-isoindoline 
1.75mg.) were also measured in the course of the production of renal hypertension 
in 5 dogs. 

Responses of isolated smooth muscle strips : 

The contractions or relaxations of the smooth muscle strips of about 2cm. in 
length isolated from uterus, small intestine or rectum of rats were recorded on 
the smoked drum. After exsanguination these organs were rapidly dissected 
free, and placed in Ringer-Biilbring solution of 32°C. The muscle strips were 
transferred to a muscle bath containing 20ml. of the solution. The muscle 
strips were exposed to the various concentrations of noradrenaline, adrenaline, 
angiotensin, serotonin and acetylcholine, contained in 0.1 ml. of solution, succes- 
sively at 3 to 5 minutes intervals. For each experiment, the strip was stretched 
just enough to produce a tension of 0.5Gm. and 30 minutes elapsed before any 
drugs were added to keep a stable tone. The threshold, the minimal effective 
concentration, for noradrenaline, adrenaline, angiotensin, serotonin, and acetyl- 
choline of the isolated smooth muscle strips of small intestine, rectum, or uterus 
from 8 hypertensive, 6 operated normotensive, and 11 control rats was determin- 
ed and the magnitude of the contractions or relaxations of the muscle strips 
to these agents was also measured. 

Isolated perfusion of the carotid sinus areas: 

The carotid sinus was completely isolated from the systemic circulation and 
intrasinusal pressure was maintained by a pump as Kezdi'® had described. A 
commom carotid artery was tied and the sinus end was canulated. As many 
of the distal branches as possible were ligated without damaging the nerve, and 
the carotid sinus area of the other side was resected. The system was filled 
with isotonic saline at the body temperature and was connected to a pump 
producing pulsatile pressure. Vago-depressor trunks were dissected and direct 
femoral artery pressure and pressure in the carotid sinus region were recorded 
on a drum. Tetraethylammonium bromide (TEAB 5mg./Kg.) response was 
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then tested at different intrasinusal pressure levels. 

Sympathetic innervation on carotid sinus activity : 

When supersensitivity of the denervated effectors was produced 2 weeks after 
cervical sympathectomy of one side, a small amount of noradrenaline was in- 
jected into the adventitia of the denervated carotid sinus area and the result- 
ing blood pressure fall and the depression of the carotid occlusion reflexes were 
compared with those following the injection of the same dose of noradrenaline 
into the adventitia of the innervated side. The details of this method was 
described in the previous paper.’ To investigate the influence of the sym- 
pathetic innervation on carotid sinus activity in renal hypertensive dogs, the 
same experiment was performed in chronic hypertensive dogs. Ten gamma of 
noradrenaline was injected subadventitially into the carotid sinus areas, and the 
blood pressure fall and the depression of the carotid sinus occulsion reflexes 
were compared by the same method. 

Extensive sympathectomy : 

Both superior, middle and inferior cervical ganglia, stellate ganglia, splanch- 
nic nerves and lumbar sympathetic trunks were resected extensively in 
normotensive and renal hypertensive dogs. 

Urinary excretion of adrenaline and noradrenaline : 

Daily urinary excretion of adrenaline and noradrenaline was measured by 
Lund’s methed after the purification by von Euler and Orwen’s method.'®»>!® 


ReEsutts 


1. Pressor and depressor responses to various agents in hypertensive 
dogs 

(1) Effect of anesthetics on blood pressure 

The changes in the mean arterial blood pressure by the injection of 
pentobarbital (30 mg./Kg.) in normotensive, acute renal hypertensive, 
and neurogenic hypertensive dogs are shown in Fig. 1. In normotensive 
and acute renal hypertensive (within 2 weeks after the second operation) 
dogs, the blood pressure returned to the previous level following the 
transient blood pressure fall within 10 minutes, while in chronic renal 
hypertensive dogs, the transient blood pressure fall was more marked and 
the recovery of the blood pressure was slower, thus the blood pressure 
did not return to the previous level within 20 minutes. And in neurogenic 
hypertensive dogs induced by the section of both carotid sinus nerves and 
aortic depressor nerves, the transient blood pressure fall was remarkable, 
but the blood pressure returned to the previous level without any delay. 

(2) Responses to pressor substances 

The pressor responses to noradrenaline, angiotensin and Pitressin before 
and after the production of chronic renal hypertension of 3 to 15 weeks’ 
duration in the same dogs are shown in Fig. 2. The augmentation of 


{ 
2 
7 








a8 NEURAL FACTORS IN EXPERIMENTAL RENAL HYPERTENSION 509 


















= 
B.P. } | Pentobarbital 30 mg. /Kg. 
mm. Hg 
200 No.16(8W. P.O. 
No.6( 14 W. P.O. 
} — 
SF Pera No. $3(17W. P.O. 
awe s No. $15(2W. P.O. 
150-4 _errinseacenenensenes No. S23 
_4 ve pg No.24 
‘\ f F 
100- ¥ 
— Renal Hypertension ( Chronic) 
---- Renal Hypertension:( Acute) 
—-— Neurogenic Hypertension 
50-4 Normotensive 
a T- T T 
| 0 5 10 15 20 Min. 
After the Injection 
Fig. 1. The influence of anesthetics on blood pressure 
in normotensive and hypertensive dogs. 
Nor. @—® 
mm. Hg 
60 Ang. 4—--—A 
| 7 Pit. x---* 
No.7(10 Y) 
» 50- ANo.7(1 Y) No.3(5 Y) 
% 7 
c 
os 
3 
s 407 
sp) 
= 
° 
n» 
” 
£ 30- 
’ ~ 1 
° No.5 No.6( 5 Y) 
“4 107) 2m No.3(0.5 7) 
2 20-No5' No.6(5 Y) 
5 : - -—. “N 
s (SNPS ae me xe Ny No.6(0.5 7) 
= U7 to No.£(0.5 7) eee SSS ax _No.6(0.1U.) 
7 en all >= =X No,3(0.1U 
x tas ~%No.3(0.1U.) 
~X No.5(0.1U. ) ° 








7 T T T T T T T T "y T T a | T T T T T 
0 5 10 15 Weeks 
( post-op. ) 


Fig. 2. Responses to pressor substances in course of experimental renal hypertension. 


the responses to noradrenaline was demonstrated after 3 weeks following 
the second operation, but those to angiotensin and to Pitressin were not 
so remarkably augmented. The relationship between the blood pressure 
levels and the pressor responses is shown in Fig. 3. After the produc- 
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tion of renal hypertension, the pressor responses to noradrenaline were 

markedly augmented, but those to angiotensin were not significantly aug- 

mented and there was few augmentation of the responses to Pitressin. 
(3) Responses to ganglionic blockades 


The depressor responses to ganglionic blockades, as pentolinium, 


hexamethonium, TEAB and KK-25-S, in the course of the production of 


renal hypertension in 5 dogs are shown in Fig. 4. The depressor re- 
sponses to these relatively high doses of ganglioplegics were not always 
augmented after the production of renal hypertension. It has been known 
that the responses to pressor substances were augmented by the admin- 
istration of ganglioplegics in normal animals.'? So, it is interesting to 
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Fig. 3. (a) Pressor responses to noradrenaline in normotensive 
and hypertensive dogs. (b) Pressor responses to angiotensin in normo- 
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Fig. 3. (c) Pressor responses to Pitressin in normotensive 
and hypertensive dogs. 
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Fig. 4. Depressor responses to ganglion blocking agents in experimental renal 
hypertensive dogs. 


compare the augmentation by the ganglioplegics before and after the 
production of chronic renal hypertension in the same dogs. But, the 
grade of the augmentation of the responses to. noradrenaline, angiotensin 
and Pitressin by these ganglioplegics was affected by neither the presence 
nor the absence of hypertension, 
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2. Role of baroceptors in hypertensive dogs 


(1) Sensitivity of carotid sinuses 

When the intrasinusal pressure was lowered by a pump, femoral 
artery pressure became elevated. The relationship between the carotid 
arterial pressure and the corresponding systemic pressure was parallel in 
normotensive and hypertensive dogs as shown in Fig. 5. Thus, the 
degree of change in the systemic blood pressure corresponding to a change 
in the carotid arterial pressure was constant both in normotensive and 
renal hypertensive dogs. In other words, the sensitivity itself of the baro- 
ceptors was unchanged in normotensive and hypertensive groups. 

The responses to the sufficient amounts of TEA at different intrasinusal 
pressures following bypass of the carotid sinus were studied in normo- 
tensive and renal hypertensive dogs to find the amounts of the reflex 
sympathetic outflow. When the intrasinusal pressure was lowered and the 
femoral arterial pressure elevated, the responses to TEA were also enhanced, 
indicating increased sympathetic outflow at the low intrasinusal pressure 


levels. The blood pressure levels after the intravenous administration of 


TEA at the different intrasinusal pressures were also parallel in normo- 
tensive and hypertensive dogs, as shown in Fig. 6. At the point where 
the systemic and the intrasinusal pressures were equal, in other words, 
at the own blood pressure levels of the dogs, the responses to TEA were 
equal in normotensive and renal hypertensive dogs. A similar response 
pattern was also demonstrated in renal hypertension except the upward shift 
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mean femoral artery pressure in normotensive and experimental renal 
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of the blood pressure level. 

(2) Influence of the sympathetic innervation on carotid sinus 
activity 

The fall of the blood pressure and the depression of the carotid 
occlusion reflexes by a local injection of 10 gamma of noradrenaline into 

carotid sinus areas were more marked on the denervated side than those 

on the innervated side in chronic renal hypertensive dogs as shown in 
Fig. 7. These results were similar to those in normotensive dogs reported 
previously.'” The influence of the sympathetic innervation on the carotid 
sinus activity, therefore, was the same in the chronic renal hypertensive 
animals as in the normotensive animals. 


3. Responses of isolated smooth muscle strips 


The thresholds for adrenaline, noradrenaline, acetylcholine, angioten- 
sin and serotonin of the smooth muscle strips of uterus, small intestine 
and rectum in normotensive and renal hypertensive (over 160 mm. Hg) 
rats are shown in Table I. Although the differences in these 2 groups 
were not so remarkable, the thresholds for acetylcholine, angiotensin and 
serotonin were often elevaied in hypertensive group, while those for ad- 
renaline and noradrenaline were slightly diminished in hypertensive rats, 
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hypertensive dogs. 


Thus, the responses to acetylcholine, angiotensin and serotonin’ were 
depressed in hypertensives, while the responsiveness to adrenaline were 
slightly sensitized in hypertensive rats. Normaliy, the muscle strips which 
did not react to acetylcholine, angiotensin or serotonin, also did not react 
to adrenaline or noradrenaline. But interestingly, in hypertensives, the 
muscle strips which did not react to the formers did react slightly to the 
low concentration of adrenaline or noradrenaline. Usually, the magnitude 
of the responses was smaller in hypertensive group than in normotensives., 
Even though the responses to adrenaline or noradrenaline were recognized 
in hypertensives at the lower concentrations than in normotensives, the 
magnitude of the responses was smaller. In other words, in hypertensive 
group, the thresholds for angiotensin, serotonin or acetylcholine were 
elevated and at the same time the magnitude of the contraction was 
smailer, but the thresholds for adrenaline or noradrenaline were lowered, 


while the magnitude of the relaxation was smaller (Fig. 8). 


t. Role of sympathetic nervous system 
1) Effects of sympathectomy 
The magnitude of the blood pressure fall as a direct influence by the 
extensive sympathectomy was not significantly different in normotensive 
and in hypertensive dogs as shown in Fig. 9. The blood pressure level! 
after sympathectomy in renal hypertensive dogs was higher than the 
control value before the production of hypertension, 
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(2) Urinary excretion of adrenaline and noradrenaline 
Urinary excretion of adrenaline and noradrenaline was measured in 
the course of the production of renal hypertension in dogs. As shown in 
Fig. 10, in the period of the blood pressure rise, the daily urinary 
excretion of noradrenaline showed a slightly increasing tendency, but in the 
period of continuing high blood pressure level, no deviation was found 
in the urinary excretion of adrenaline or noradrenaline. 
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Fig. 8. Responses to adrenaline of small intestine in normotensive 
and hypertensive rats. 
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Fig. 9. (a) The influence of sympathectomy on blood pressure in a normal dog. 


2 
§ 





~ aes 





















& 
: hn NEURAL FACTORS IN EXPERIMENTAL RENAL HYPERTENSION 517 
| . 
B. P. } 
mm. Hg No.20 (9/27/60) Dog ( No.1, ,12.5Kg.) 4 months post-op. (contro! pr. 110 mm. Hg) 
: 2DAYS 
250- #pays 
AFTER SYMPATHECTOMY 
200- 7 
' < 
= 
ni ea 
"st Phe Pr fT tt 
] 3 3 CONTROL 
] a i [—7-~T LEVEL 
1009 ws 3s wis ais s oO VEL. 
] C8 S352 3585 » fa 
] 398 08368S3°8 ac Z ge 
RSe Seresess a = 5o 
BAS RSnzsinne = = = 
304 Bu Gn dndan an x in 
9/27/60 9/29/60 
10/6 


Fig. 9. (b) The influence of sympathectomy on blood pressure in a renal hypertensive dog. 








































Dog ( No.1, 3 ,14Kg. ) Dog (No.3, $ ,13.5 Kg.) 
B.P. A. 4—8 weeks post-op. 3—7 weeks post-op. 
mm. Hg 2-97 
i 
_____ Normal 
average 
____Normal 
t average 
UYppyVyvyy, V Hf 
¥ / Dayle > a ee ee fii —_ = a. 
13 5 7 9 1113 15 1 3 5 7 9 11 13 15 Days 


Fig. 10. Urinary excretion of adrenaline and noradrenaline in renal hypertensive dogs. 


Discussion 


It has been supposed that there might be some effective augmenting 
f mechanism of the effect of the known pressor system in chronic renal 
hypertension so that the muscle fibers of the arterioles and arteries of 
hypertensive subjects would respond to normal amounts of circulating 
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vasopressor materia! and normal amounts of noradrenaline released at 
sympathetic nerve endings with a greater than normal amount of shorten- 
ing.'?>!® ‘To investigate the genera! role of the nervous system in chronic 
renal hypertension, the effects of anesthetics were discussed.®’?” Ogden 
postulated that the role of nervous system in hypertension was 
increased with the progress of renal hypertension, while the role of kidney 
was decreased, since the blood pressure fall by the removal of the 
constricted kidney was inversely related to the period after the operation 
for the production of renal hypertension and the blood pressure fall by 
pentobarbital was more marked in chronic renal hypertension. Results 
of the present study showed that the fall of the blood pressure by pento- 
barbital was more marked and continued !onger in chronic renal hyper- 
tensive dogs, suggesting the possibility that the nervous system played a 
role in the maintenance of chronic renal hypertension. However, a ques- 
tion stil remains undetermined as to which parts of the nervous system 
play the most important role. Many studies have been carried out to 
make sure whether the increase in the responsiveness of blood vessels was 
really present in hypertensive patients and renal hypertensive animals.'>” 
21-28) Tt was reported that the increase in the peripheral resistance 
to adrenaline or noradrenaline was more marked in hypertensive patients 
than in normotensives.'?’*” Haas and Goldblatt!? showed that the re- 
sponses to renin, angiotensin, noradrenaline and methylisothiourea were 
augmented in renal hypertensive dogs, especially the augmentation to the 
latter 2 being remarkable. The responses to Pitressin, directly acting on 
the vascular smooth muscles as methylisothiourea, were also augmented 
in renal hypertensive rabbits according to the experiments by Ogden.*® 
While, Doyle and Black™ reported that the responses to angiotensin, nor- 
adrenaline and methylisothiourea were only slightly augmented in hyper- 
tensives but after the administration of hexamethonium these responses 
were markedly augmented in hypertensives. These results seemed to be 
variable according to the kinds of the pressor substances and of animals 
used in the study, also depending upon the state of anesthesia. As the re- 
sponses to pressor substances are generally different individually, the 
responses must be tested in the course of the production of renal hyper- 
tension in the same animals. In our experiments the responses to 
noradrenaline were remarkably augmented in chronic renal hypertensive 
dogs but the augmentation to angiotensin and Pitressin was not so marked. 
There are 2 distinct factors which will cause an apparent hyperrespon- 


siveness of hypertensive subjects to pressor agents. First, stenotic process 
of the lumens by the organic changes of the vascular walls can produce 
apparent hyperresponsiveness without actual hyperresponsiveness. Second, 
there could be some changes of the spontaneous tone or the responsive- 
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ness of the vascular smooth muscles. Some investigators*®?®>2? have 
postulated that this hyperresponsiveness was not due to the augmented 
arteriolar contraction, but due to the decreased diameter of the arteriolar 
lumens induced by the thickness of the wall by edema, cellular hypertrophy 
or arteriolar sclerosis, and that the contraction of the vessels in normal way 
resulted in the abnormal increase in the peripheral resistance. From our 
results it seems to be reasonable to consider that there may be some 
changes in the peripheral vascular sensitivity in chronic renal hyperten- 
sion, since only the responses to noradrenaline were markedly augmented 
while those to the other vasoactive agents were not significantly augmented. 
Redleaf and Tobian*® reported that hyperresponsiveness to noradrenaline of 
spirally cut strips of aorta was not shown in hypertensive rats and only 
the spontaneous tone was increased. Mallov** also reported the depression 
of the responsiveness to adrenaline or noradrenaline of aortic muscle 
spirals. On the other hand, Griesman,”” who studied the reactivity of 
the capillary bed of the nailfold to circulating noradrenaline in patients 
with normal blood pressure and others with essential hypertension, showed 
a lower threshold for ischemia of the nai!fold in the latter group. In 
our experiment the thresholds of isolated smooth muscle strips of hyper- 
tensive rats were lowered only for adrenaline or noradrenaline, while the 
magnitude of the responses was smalier. But, as the reaction in the body takes 
place at a very low concentration of endogenous adrenaline or noradrenaline, 
the lowering of the thresholds seems to have more important significance. 
The direct evidence obtained in these in vitro experiments on isolated 
smooth muscle strips cannot be transferred immediately to the behavior 
of arterioles in human hypertension. However, it is interesting that the 
hyperresponsiveness to noradrenaline was demonstrated in isolated smooth 
muscle strips from renal hypertensive rats as well as in pressor responses 
in renal hypertensive dogs. 

Since the studies on baroceptors by Heymans,*” the role of baro- 
ceptors in hypertension has been discussed. Heymans suggested that one 
of the important factors to produce hypertension was the change of the 
function of baroceptors. McCubbin*” recorded the impulses from the 
carotid sinus nerves of normotensive and renal hypertensive dogs by 
electroneurogram at the different intrasinusal pressure levels and showed 
the resetting of carotid sinuses to higher blood pressure levels in chronic 
renal hypertensive dogs. From our results, the function of the baroceptors 
was essentially unchanged in normotensive and renal hypertensive animals 
and the equilibrium among intrasinusal pressure, carotid sinus discharge 
and the sympathetic outflow was obtained in higher levels in chronic 
hypertensive animals. Heymans has postulated that the direct stimulation 
to the carotid sinus was not the change in intrasinusal pressure itself but 
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the distension of the sinusal wall, thus he explained the resetting by the 
decrease in the tension of the arterial wall in hypertension. But the real 
mechanism by which resetting of baroceptors in chronic renal hypertension 
is produced remains obscure. Several factors may be involved. The 
structural changes in the arterial walls of carotid sinus and aorta or some 
biochemical changes may be concerned. The influence of sympathetic 
innervation on carotid sinus activity in chronic renal hypertension was 
as same as in normals. 

In relation to the problem of the sympathetic overactivity in hyper- 
tension, the responses to the ganglionic blockades were investigated. The 
responses to the sufficient amounts of ganglioplegics were not always 
augmented in hypertension. On the other hand, augmentation of the 
responses to pressor substances by ganglioplegics was not affected by the 
presence of hypertension. Here, the role of sympathetic system was not 
significantly different between the normotensive and hypertensive subjects. 


Although sympathectomy has been performed as one of the treatments of 


essential hypertension, it has been shown that no significant fall of the 
blood pressure occurred after the extensive sympathectomy in hypertensive 
dogs.“ Our results also suggest that in renal hypertensive dogs the 
sympathetic nervous system is not the chief factor in the genesis or main- 
tenance of hypertension. The urinary excretion of adrenaline or nor- 
adrenaline was reported to be normal in hypertensive patients.*»’*” The 
result in our study also showed that except the stadium when the blood 
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pressure was rising, the urinary excretion of adrenaline or noradrenaline 
was not significantly changed. Here again sympathetic overactivity was 
not demonstrated in chronic renal hypertension. 

It may be concluded, as schematically shown in Fig. 11, that only the in- 
creased sensitivity of peripheral vessels to noradrenaline contributes to a part 
of the pressor mechanism in renal hypertension. And baroceptors are resetted 
to the higher blood pressure levels without the changes in the sensitivity. 
There is no increase in the sympathetic vascular tone in the chronic 
phase of experimental renal hypertension. Thus, baroceptors and sym- 
pathetic system are only passively adjusted to the higher blood pressure 
levels. The problem of the role of vasomotor centers or higher central 
nervous system in the genesis and maintenance of renal hypertension 
remains to be studied in future. 


SUMMARY 


The role of neural factors in experimental renal hypertension was 
studied from the points of peripheral vascular reactivity, function of baro- 
ceptors and sympathetic activity in renal hypertensive dogs and the 
isolated smooth muscle strips of hypertensive rats, 

(1) The hypotensive responses to pentobarbital was more marked 
and continued longer in chronic renal hypertensive dogs than the controls. 

(2) The pressor responses to noradrenaline was remarkably aug- 
mented in renal hypertensive dogs, while the changes in those to angio- 
tensin and Pitressin were not so marked. 

(3) The threshold for adrenaline or noradrenaline of isolated smooth 
muscle strips of intestine, rectum and uterus of rats was lower in 
hypertensive rats than in the operated normotensive and control groups, 
But the threshold for angiotensin and acetylcholine was rather higher in 
the hypertensive group. 

(4) The sensitivity of baroceptors examined by using the isolated 
perfusion method was unchanged and the baroceptors were resetted to the 
higher blood pressure level in chronic renal hypertension. 

(5) The influence of sympathetic innervation on carotid sinus 
activity was not different between the normotensive and renal hypertensive 
dogs. 

(6) The depressor responses to the sufficient amounts of ganglio- 
plegics were not significantly changed in hypertensive dogs compared 
with the normotensives. 

(7) After the extensive sympathectomy the direct blood pressure 
fall was not significantly different between the normotensive and renal 
hypertensive dogs and the final blood pressure level was higher in renal 
hypertension than the control level. 
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(8) ‘The urinary excretion of adrenaline and noradrenaline was not 


significantly changed in chronic renal hypertensive dogs except the slight 
increase in the stage of blood pressure rising. 

Thus, increased sensitivity of peripheral blood vessels to noradrenaline 
was demonstrated in vivo and in vitro experiments in hypertensive animals. 
The baroceptors were resetted to the higher blood pressure level, and their 
sensitivity itself remained unchanged in renal hypertension. The sym- 
pathetic overactivity was not recognized in hypertension. Therefore, only the 
increased sensitivity of peripheral vessels to noradrenaline contributes to 
a part of the pressor mechanism in renal hypertension, while the baro- 
ceptors and sympathetic activities are passively adjusted to the higher 
blood pressure levels in hypertension. 
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Electrocardiographic Changes in Induced 
Bronchial Asthma 


Terumasa MIYAMOTO, M.D.,* Julian BASTAROLI, M. D.,** 
and Murray S. HOFFMAN, M. D.*** 


Asthmatic attacks were induced in 11 patients by the inhalation 
of the antigenic extracts. The “electrocardiograms were recorded 
before, during and after the attacks for comparison. The significant 
changes during the asthmatic attack were as follows: (1) taller and 
more peaked P-waves in leads II, III] and aVy, and the shifting of 
the mean vector of P-waves on the frontal plane towards the right; 
(2) generalized low amplitude of QRS-complexes, especially marked 
in left precordial leads and shifting of the mean vactor of QRS- 
complexes on the frontal plane towards the right; (3) respiratory 
changes of QRS-complex which showed lower during the inspiratory 
phase and taller amplitude during the expiratory phase; (4) clock- 
wise rotation of the heart along the longitudinal axis. Above findings 
were found in all cases and could be explained by the hyperinflation 
of the lung and strain of the right side of the heart by an increased 
pulmonary artery pressure, which were observed during cardiac 
catheterization. 


A NAPHYLACTIC shock in the rabbit”’” and the dog due to antigen- 
antibody reaction® have produced definite cardiac disturbances as 
revealed by the electrocardiogram. These cardiac changes have been 
shown to consist of conduction disturbances and arrythmias. Since the 
introduction of a provocative test for asthma consisting of the inhalation 
of specific antigenic extracts, the study of cardiovascular changes following 
such induced asthma as allergic reaction would appear to be a natural 
corollary. A study of the current literature, however, has failed to reveal 
any other electrocardiographic studies in this particular condition. This 
paper deals with the electrocardiographic changes following induced 
asthmatic attacks. 

* From the Department of Physical Therapy and Internal Medicine (Director: Prof. 
Yoshio OSHIMA), Faculty of Medicine, University of Tokyo, Tokyo. Formerly Chief Resident 
at National Jewish Hospital at Denver, Colorado, U.S.A. 

** Assistant., University of Buenos Aires, School of Medicine. Formerly Resident at 
National Jewish Hospital, Denver, Colorado, U.S.A. 

*** Chief in Cardiology, National Jewish Hospital, Denver, Colorado, U.S.A. 
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MATERIAL 


Three female and 8 male patients with a long standing history of bronchial 
asthma were the subjects in this study. They were all inpatients at the National 
Jewish Hospital, Denver, Colorado. Their ages ranged from 15 to 38, with a 
mean of 24. The duration of their asthma varied between 7 and 30 years with 
a mean of 18 (Table I). They were known to be sensitive to one of the inhalants 
(grasses, ragweeds, molds, etc.). Previous provocative tests with the inhalation 
of certain antigenic extracts produced asthmatic attacks. The patients studied 
were relatively free from asthma before the induction of an acute asthmatic 
attack. 


Mertuop 


Standard complete electrocardiograms (6 standard and 7 precordial leads) 
were taken before the inhalation of antigenic extract. A control vital capacity 
(VC) and one second forced expiratory volume (FEV,) were measured by the 
Stead-Wells respirometer with a kymographic speed of 1820mm. per minute. 
The patients were then instructed to inhale antigenic extracts consisting of 
10,000 protein nitrogen units per ml. Such inhalations were accomplished with 
the use of a nebulizer. The flow was adjusted to 5 to 6 L. per minute. The 
patients were instructed to hold their breath at the end of inspiration for a few 
seconds after each inhalation of the antigenic extracts to allow the mist to be 
more effective. Sufficient number of inhalations of the antigenic extracts were 
given to each patient to produce a “severe” asthmatic attack. The maximum 
air way obstruction was obtained between 12 and 18 minutes after the inhala- 
tion of the antigenic extract. Complete electrocardiograms and pulmonary 
function studies together with a constant recording of lead II were made during 
this latter period. Asthmatic attacks were relieved by the inhalation of isuprel 
1:100. The complete electrocardiograms and pulmonary function studies were 
repeated 10 to 20 minutes after the attack was relieved by isuprel, thus minimiz- 
ing the cardiac effects of isuprel. The pulmonary function studies were 
performed in a sitting position. The electrocardiograms were taken in a supine 
position. The skin markes were made on the chest in each individual in order 
to place the electrode exactly on the same spots during this study. The dura- 
tions of P-waves, QRS-complexes, ST-segment changes, P/PR-segment ratio and 
the mean vector of P-wave and QRS-complex were measured. The widest P- 
wave and QRS-complex were chosen for the measurement of the duration. 
The mean vectors of P-wave and QRS-complex were determined in the frontal 
plane using lead I, II and III, with combination of 2 leads using the graph 
made by Carter and his co-workers.* The mean value of these was considered 
to be the actual mean vector. If there were obvious respiratory changes of 
electrocardiographic complexes, the average of the figures were used for the 
measurement. 
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P-wave : 

P-wave became significantly taller and more peaked in leads II, III 
and aVr during the induced asthmatic attack in all cases. This finding 
was not apparent in other leads (Fig. 1 and 2). The duration of P-wave 
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The taller P-waves and a 
tendency of ST-segment depression in leads II, III] and aVy should be noted. 
‘** Before’’ refers the control electrocardiogram taken just before the inhalation of 
the antigenic extract. ‘‘ During’’ refers the electrocardiogram taken during the 
induced bronchial asthma. ‘‘After’’ refers the electrocardiogram taken after the 


Fig. 1. Complete electrocardiogram in case S. W. 


asthma was relieved by isuprel inhalation. 


and P/PR-segment ratio did not reveal any significant changes. The mean 
vector of P-wave in the frontal plane shifted rightward in all cases (Fig. 
3). The height and mean vector of P-waves, however, did not return to 
the original value in all cases after the isuprel inhalation even though 
pulmonary function did improve significantly (in some cases, even better 
than control) (Table I). 
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Fig. 2. P-wave changes in 2 cases, J. D. (right) and R.R. (left). The taller P-waves 
during the attack should be noted. d 
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4 P Vector - after induced bronchial asthma 
° P Vector - during induced bronchial asthma 


° P Vector - before induced bronchial asthma 
Fig. 3. The mean vectors of P-waves before, during and after the induced bronchial 
asthma. The mean vectors of P-waves shifted rightwards during the asthmatic attack, 
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QRS-complex : 

Low amplitude of QRS-complexes were quite evident in lead I and 
left precordial leads (V3, V4, V; and V,) during the induced asthmatic 
attack (Fig. 2, 4 and 5). There were neither significant changes of Q- 





Fig. 4. The amplitudes of QRS-complexes in the left precordial leads in case D. J. 
The lower amplitudes of QRS-complexes during the attack should be noted. 
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During After 


























Fig. 5. The clockwise rotation of the heart during the induced attack (Right: R.R., 
Left: R.S.). The lower R-waves and the deeper S-waves in the left precordial leads should 


be noted, 
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wave nor change in the duration of QRS-complex. S-waves became 
deeper in the left precordial leads (V,, V; and V,) and R-waves became 
of lower voltage in lead I and in the left precordial leads (V3, V4, V 
and V,) in all 


cases during the attack suggesting the clockwise rotation 
of the heart along its longitudinal axis (Fig. 5). In addition, induced 
attacks produced significant changes in the amplitude of QRS-complexes 
during respiration that was not evident in the controls. This finding was 
more obvious in the precordial leads, particularly V;p, V, and V, (Fig. 
6 and 7). Lower amplitude of QRS-complexes was observed during the 
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Fig. 6. noha variation of ORS-comple xes in lead V, before, during and after 
the induced bronchial asthma in case A. P 
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Fig. 7. Respiratory variation of CnS-ashen in the right ems le ade during 


the induced asthmatic attack in case C.G. Lower amplitude of QRS-complexes was 
observed during the inspiratory phase and higher amplitude during the expiratory phase. 
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inspiratory phase and higher amplitude during the expiratory phase. 
Most of the above findings during the attack resumed the original values 
after the administration of isuprel except for the mean vector of the QRS- 
complexes in the frontal plane, which did not return to the baseline but, 
in some cases, shifted further rightward (Fig. 8). 


} -90° 





® QRS Vector - after induced bronchial asthma 


e QRS Vector - during induced bronchial asthma 


© QRS Vector -. before induced bronchial asthma 


Fig. 8. The mean vectors of QRS-complexes before, during and after 
the induced bronchial asthma. The mean vectors of QRS-complexes shifted 
rightwards during the asthmatic attack. 


ST-segment : 
Though there was very slight ST segment depression in II, III, and 
aVr in some cases, no significant ST-segment deviation was noted (Fig. 1). 


j Rhythm : 

In 2 cases out of 11, frequent ventricular extrasystoles and atrial 
premature beats were observed for 5 to 10 minutes after the inhala- 
tion of the antigenic extract, while the air way obstruction was becoming 
more severe, but once air way obstruction presumably reached its maximum, 
these ectopic beats disappeared (Fig. 9 and 10). 
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Fig. 9. Ectopic beats during the induced bronchial asthma. Frequent occurrences of 


ventricular extrasystoles should be noted. ‘‘ During 1’’ was taken 7 minutes after inhalation 


of antigenic extract and ‘‘ During 2”’ 15 minutes. 
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Fig. 10. Ectopic beats during the induced bronchial asthma. Frequent atrial premature 


beats should be noted. ‘‘ During |”’ was taken 7 minutes after inhalation of antigenic 


extract and ‘‘ During 2’’ 15 minutes. 


Discussion 
P-waves : 


There are 3 factors, which are said to produce changes in the 
height of P-waves and shift in the P-vector secondary to the diseases of the 
lungs: (1) By changes of the anatomical position of the heart in the thorax ; 




















as ECG CHANGES IN INDUCED BRONCHIAL ASTHMA 533 
(2) Hypoxia ; (3) Right atrial overloading.» In the P-wave changes during 
the asthmatic attack, all of 3 factors may play a role: During the 
asthmatic attack, because of air trapping and overinflation of the lung, 
the diaphragm has a tendency to be displaced downward, causing changes 
in anatomical position of the heart. Since the outstanding changes in 
the electrocardiogram due to the upright position of the heart are an 
increase in the amplitude of the P-waves in leads II and III,® and since the 
prominent P-waves in leads II, Il and aVr in pulmonary emphysema 
have been thought to result from the extreme vertical position of the 
heart,”’® it is quite conceivable that the exaggerated P-waves during 
induced bronchial asthma were partly due to the vertical displacement 
of the heart caused by downward displacement of the diaphragm. 

Arterial desaturation has been commonly observed in spontaneous 
and provoked bronchial asthma.®”!® The mechanism of the tall and peaked 
P-waves that have been observed in arterial desaturation is not well 
understood at the present time.* 

The pulmonary artery pressure as well as the effective pulmonary 
artery pressure (difference between the actual pulmonary artery pressure 
and the corresponding esophageal pressure) increased significantly in all 
cases during the induced asthmatic attack.'” Although the atrial 
pressures were not measured, it is quite conceivable that functional 
tricuspid insufficiency might have occurred, because of the increased 
pulmonary artery pressure, producing an increased atrial pressure. Since 
the atrium is a thin-walled chamber, an acute distention of the atrium 
may appear before any dilatation of the right ventricle. In some cases, the 
changes in the height of P-waves during an attack were not evident, 
although peaked P-waves were observed invariably. From this observation, 
it might be considered that peaked P-waves may be the good index of right 
atrial “strain” since the height of P-waves can be damped by the hyper- 
inflation of the lungs.!”>!® 

After an asthmatic attack was relieved by the inhalation of isuprel, 
the mean vector of the P-wave in the frontal plane and the amplitude 
of P-waves in leads II, II] and aVr did not return to their original values 
in all cases. Moreover, in some cases P-waves became taller than that 
of during the attack. In order to clarify this finding, isuprel was given 
to normal subjects in exactly the same way, and the electrocardiograms 
were taken 10 to 15 minutes afterwards. The P-waves in leads II, III 
and aVr became taller and the mean vector in the frontal plane shifted 
towards the right (Fig. 11). Since isuprel accelerates the heart beat and 
increases stroke volume,'” the above findings may well have been due to 
right atrial “strain” associated with isupre] administration. 

There were no significant changes of P/PR-segment ratio before, during 
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and after the induced bronchial asthma. In spite of the increased pulmonary 
artery pressure and the great possibility of right atrial strain during the 
asthmatic attack, atrial enlargement could not be detected by P/PR-seg- 
ment ratio, a previous standard electrocardiographic criterion for the 
recognition of atrial enlargement.'!» 
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Fig. 11. Electrocardiogram before and after inhalation 
of isuprel in normal subject. The taller P-waves in leads 
II, 111 and aVr, and the rightwards shift of the mean 
vector of P-wave should be noted. 


QRS-complex : 


The generalized low amplitude of QRS-complexes in left precordial 
leads and the trend of lower amplitude in other leads were probably due 
to positional changes of the heart and the hyperinflation of the lungs.!® 

The mean QRS vector on the frontal plane had a tendency to move 
towards the right during the asthmatic attack, but did not return to their 
original value after the attack was relieved by isuprel inhalation. This 
could be explained by the same explanation used previously in P-waves, 
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Respiratory changes in QRS-amplitude : 


The lung is considerably overdistended in the inspiratory phase of 
the asthmatic attack and the heart is displaced vertically and posteriorly. 
Considering the electrical conductivity of the hyperinflated lung, it seemed 
to be thus quite evident why QRS-amplitudes became smaller during 
the inspiratory phase, particularly in the right precordial leads. This 
finding seemed to be more apparent when the induced asthmatic attack 
was more severe. 


ST-segment : 


There seemed to be a trend of ST-segment depression in leads II, 
III and aVr during the asthmatic attack although the findings were not 
always present. ST-segment depressions might have been due to the 


low oxygen tension in the arterial blood, which was a common finding 
during the attack.%?!>!) 


Rotation of heart: 


Clockwise rotation of the heart was observed in all cases during the 
asthmatic attack. If the lung is over distended and the diaphragms are 
displaced downwards, clockwise rotation of the heart along the longitudinal 
axis is commonly found as seen in cor pulmonale or emphysema.*” 
Clockwise rotation of the heart during the asthmatic attack was, therefore, 
believed to be produced by overdistention of the lung and the lowering 
of the diaphragms. This is believed to be the reason why the heart resumed 
the previous position after the attack was relieved by the inhalation of 
isuprel. 

Acute right ventricular enlargement might be another possibility for 
the clockwise rotation of the heart, yet this is believed to be unlikely, as 
other electrocardiographic changes which might indicate right ventricular 
enlargement or dilation could not be detected. 


Ectopic beats: 


While the air way obstruction was becoming increasingly severe, there 
should be significant changes in cardiopulmonary hemodynamics. During 
a Valsalva maneuver, similar electrocardiographic changes have been 
observed, including extrasystoles and partial heart block.'®’!” Since the 
forced breathing during the asthmatic attack similates a Valsalva maneu- 
ver, it was quite conceivable that the ectopic beats observed in this study 
were due to the acute changes in cardiopulmonary hemodynamics. When 
the air way obstruction stabilized and the body seemingly adjusted to a 
new condition, the ectopic beats all disappeared. 
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SUMMARY 


Asthmatic attacks were induced in 11 asthmatics by the inhalation 
of the antigenic extracts. The electrocardiograms were obtained before, 
during and after the attacks for comparison. The significant changes 
during the asthmatic attack were as follows: (1) taller and more peaked 


P-waves in leads II, III] and aVr, and the shifting of the mean vector of 


P-waves on the frontal plane towards the right; (2) generalized low am- 
plitude of QRS-complexes, especially marked in left precordial leads and 
shifting of the mean vector of QRS-complexes on the frontal plane 
towards the right; (3) respiratory changes in QRS-amplitude which was 
lower during the inspiratory phase and taller during the expiratory 
phase ; (4) clockwise rotation of the heart along the longitudinal axis. The 
above findings were observed in all cases and could be explained by the 
hyperinflation of the lung and “strain” of the right side of the heart by 
the increased pulmonary artery pressure, which was observed during 
cardiac catheterization. 

Ectopic beats were observed in 2 cases among 11, while the air way 
obstrution was becoming progressively severe, but disappeared after the air 
way obstruction reached a maximum. From the present study, it was also 
believed that there seemed to be no direct cardiac danger of the pro- 
vocative study by the inhalation of the antigenic extracts. 
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Case Report 


Aortic Arch Syndrome with Cardiomegaly 
and Aortic Calcification 


Hideo YAMADA, M.D., Kenichi HARUMI, M.D., Akio OHTA, M.D., 
Takeo NOMURA, M.D., Ryozo OKADA, M. D., 
and Masao ISHII, M. D. 


HE aortic arch syndrome is resulted from syphilis, atheromatosis, 

trauma, thrombophilia, tuberculosis, idiopathic arteritis, and other 
conditions which cause stenosis or obliteration of the branches of the 
aortic arch.”>” Its clinical picture is said to be various. According to 
Shimizu, pulseless disease, one of the aortic arch syndrome, has a triad®>” 
and it is also named Takayasu®-Onishi®-Kagoshima” disease after the 
first reporters of the retinal change characteristic of pulseless disease. Up to 
the date, more than 130 cases of pulseless disease have been reported in 
Japan and many in abroad. 

We observed 3 cases of the aortic arch syndrome without eye symp- 
toms, but with cardiomegaly and aortic calcification as cardinal symptoms. 
These cases seemed to be caused by generalized arteritis, one of which 
was ascertained by postmortem examination. 


Case Reports 


Case |, M.T., a 46-year-old house wife entered the Tokyo University Hospi- 
tal on May 20, 1960 because of the absence of the radial pulse. Family history 
non-contributory. Birth and childhood normal. Menstruated at 17, regular 
till 44. At the age of 27, her first pregnancy, she was found to have a heart 
murmur and diminished pulsations in both radial arteries. But she had been 
rather well till August, 1959, when she had fever over 38.5°C followed by diz- 
ziness, headache, nausea, palpitation and dyspnea. The swelling and painful 
annular erythemas of the right ankle appeared frequently. These symptoms 
with fever lasted for about 6 weeks. In November of the same year, fever and 
the above symptoms reappeared. She continued to have the symptoms and she 
visited the out-patient clinic of Tokyo University Hospital complaining of 
palpitation and edema over the feet and was admitted on May 20. 


From the Second Department of Internal Medicine, Faculty of Medicine, University of 
Tokyo, Tokyo. 
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On admission, physical examinatian was not remarkable except in the car- 
diovascular system. The blood pressure was 110/90 mm. Hg in the right arm 
but often unmeasurable in the left, and 170/110 mm. Hg in the left leg. Both 
right and left radial pulsations were very feeble. The right carotid artery was 
strongly palpable with systolic thrill and murmur. The left carotid pulse was 
absent. The cardiac rhythm was regular with a rate of 97. The cardiac 
dullness was extended to the both sides and the apical impulse was palpable 
in the 6th interspace on nearly anterior axillary line. Auscultation revealed a 
systolic (not continuous) murmur (grade V) with thrill maximal at the right 
neck, indicating stenosis of right carotid artery. This murmur was transmitted 
to the base of heart, where both abnormal loud aortic ejection sound and 
paradoxical splitting of second sound were noted. Loud presystolic gallop 
rhythm was heard at the apex, indicating myocardial damage (Fig. 1). In the 
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Fig. 1. Phonocardiogram of case 1. 
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abdomen the liver was palpable with 3 fingers-breadth below the costal margin 
and was hard but not tender. The spleen was also palpable. 

Laboratory examination: Blood study was normal except mild hypochromic 
anemia (Sahli 68%). Serum protein was normal (8.0 Gm./100 ml.), but A/G ratio 
was markedly decreased (0.47), with hypergammaglobulinemia (32.5%). Liver 
function tests revealed normal results except zinc sulfate turbidity test (22.5). 
Serum cholesterol was within normal range (182 mg./100ml.). Tuberculin skin 
test was positive, serological tests for syphilis was negative and C-reactive protein 
was 3 (+) positive. Alubuminuria and markedly increased erythrocyte sedimenta- 
tion rate (60 mm./hr.) were noticed. L. E. cells were negative. Ophthalmoscopic 
examination revealed mild arteriolar sclerosis. There was difference of the retinal 
arterial pressure between the left (102/55 mm. Hg) and the right (130/50 mm. Hg). 
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Pressing or massage on the region of the carotid sinus with the fingers on either side 
produced slight prolongation of the respiration intervals and mild bradycardia. 
Pressing on the right carotid sinus, arterial pressure decreased from 180 mm. Hg 
to 120 mm. Hg in systole. Chest X-ray (Fig. 2) demonstrated marked generalized 





Fig. 2. Chest X-ray of case 1. 


cardiac enlargement and remarkable calcification of the aorta, from the arch to 
the abdominal aorta. Aortogram showed the string-like left carotid artery with 
obliteration of the subclavian arteries of both sides and irregular arterial wall. 
There was well developed collateral circulation to the arms (Fig. 3). The 





Fig. 3. Aortogram of case |. 


electrocardiogram (Fig. 4) showed the left ventricular hypertrophy. 

Needle biopsy specimen of the kidney revealed thickening of the intima and 
the media of the arterioles. There were few atrophied or fibrinized glomeruli 
(3/20) and a swollen glomerulus with thickened capillary wall. Patient was dis- 
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Fig. 4. Electrocardiogram of case 1. 
charged from the hospital with good effect of prednisolone and was followed 
at out-patient clinic. The blood pressure in the arms became recordable by the 
administration of prednisolone, but, the blood pressure became unmeasurable 
again without the medication. 

Case 2, T. O., a 48-year-old woman was admitted to the Tokyo University Hos- 
pital on January 20, 1961, complaining of dull pain on the right temple, attacks of 
palpitation, shortness of breath and tachycardia, for about one and a half years. 
These symptoms appeared on exertion and were relieved by rest. There was 
neither history of syphilis nor other general inflammatory disease like a rheumatic 
fever in the past. At the age of 33, she had an operation for retroverted uterus, 
and her radial pulse was noticed to be very feeble. She had never experienced 
intermittent claudication, except an episode that about a year ago, her right 
leg suddenly became dark red without pain for a few hours. She had never 
complained of decrease in visual acuity. 

Outstanding physical findings on admission were as follows. The blood 
pressure was 240/50mm.Hg in the right arm, 130/70mm.Hg in the left and 
180/70 mm. Hg in the lower limbs. Both carotid arteries were strongly pal- 
pable, with systolic thrill and bruit. The cardiac dullness was enlarged and 


loud systolic murmur was heard over the manubrium sterni. Artial gallop 
and paradoxical splitting of second sound were also noted. Faint aortic dias- 
tolic murmur was noted at the Erb’s area. A harsh systolic bruit with slight 


thrill was present around the umbilicus, and also on the back of the thorax. 
Laboratory examination: White blood cell count 12,000 with neutrophilia, 
E.S.R. 63 mm./hr., C-reactive protein 6(+) and tuberculin test strongly positive, 
while Sahli was 80%, platelets count was 230,000 and serological tests for syphi- 
lis were negative. There was hyperglobulinemia (A/G ratio 1.08) without 
impairment of liver function. Renal blood flow by PAH method was 664 ml./ 
min., glomerular filtration rate was 53.1 ml./min. No functional difference was 
detected between the both kidneys. An electrocardiogram showed marked left 
ventricular hypertrophy and strain. Phonocardiogram showed a typical ejection 
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murmur (grade V), which was most marked on the left and right subclavian fossa 
and moderately intense at the epigastric region. Chest X-ray showed enlargement 
of the left ventricle and extensive calcification of the aorta, extending from the 
arch to the diaphragm. Retrograde aortography revealed a marked stenosis 
of the left subclavian artery at its origin, narrowing of the mid portion of the 
right carotid artery and many collateral vessels from the right subclavian artery. 
During the withdrawal of catheter from the arch, blood pressure dropped suddenly 
at the point of the diaphragm. This evidence, together with the systolic bruit 
heard about the umblicus, suggested the narrowing of the abdominal aorta. 

Case 3, Y.Y., a 28-year-old man. On April 11, 1956, he was admitted to 
the Tokyo University Hospital, complaining of nausea, vomiting, palpitation 
and edema. Family history; father and grandfather of the father side died of 
apoplexia, mother died from syphilis and one of sisters from lung tuberculosis. 
Birth and childhood were normal. At the age of 16, dyspnea on exertion, 
general malaise, diarrhea and edema appeared. At 17 years old, tuberculin 
intracutaneous reaction became positive. At 18, the patient developed right 
coxalgia and myalgia of the feet, with recurrence in the winter. In 1954, when 
he was 26 years old, he developed congestive heart failure. At that time vertigo 
provoked by turning the head backward was noticed. In February, 1956, he had 
frequent attacks of nocturnal dyspnea. 

Physical examination revealed an average sized man with the puffy face 
and edema on the lower extremities. The dilatation of the jugular vein was 
noticed. The pulsation of the radial arteries was weak in both sides. Cardiac 
beats were regular with a rate of 104. The systolic blood pressure was 108 
mm. Hg in the right arm and 104mm.Hg in the left by the tactile method. 
The heart was enlarged to the both left and right on percussion and the apical 
impulse was seen on the anterior axillary line. On auscultation, besides vessel 
murmur of the neck, there was systolic murmur at pulmonic area, and apical 
rumbling and basal blowing diastolic murmurs were noted. On the abdomen, 
the liver with the hard margin and tenderness was palpable about 2 fingers- 
breadth below the costal margin. 

Laboratory examination revealed albuminuria, elevated venous pressure 
(405 mm. H,O) and prolongation of the circulation time (33 sec.). Liver function 
test had abnormal results (icterus index 24, B.S. P. 22.5% at 45 min., cobalt reac- 
tion Rg). Serum cholesterol was 225mg./100ml. CRP was positive, while 
there was no increase in the erythrocyte sedimentation rate. Chest X-ray 
revealed cardiac enlargement and marked calcification of the aortic arch. The 
electrocardiogram showed left ventricular hypertrophy pattern with regular 
rhythm. 

The patient was treated with digitalis, but he expired by an accident on 
May 10, 1956. 

Postmortem examination: The heart weighed 890 Gm., showing marked left 
ventricular hypertrophy with a mild dilatation. No coronary sclerosis was 
ascertained. Mitral valves were hard and thick, and was contracted. Aortic 
valves were also thickened and hardened. There was no fresh inflammatory 
change in neither the endocardium nor the valves. 


Findings of the arterial system were characterized by marked juvenile 
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sclerosis, probably secondary to generalized chronic arteritis, chiefly in- 
volving the aorta and the middle-sized arteries. The aorta presented thicken- 
ing of the intima, atheromatosis and deposits of calcium as illustrated in Fig. 5. 
The left common carotid artery was obliterated with its thickened wall (Fig. 6). 
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Fig. 5. 





Fig. 6. Obliterated left common carotid artery 


The left subclavian, brachiocephalic, renal and coeliac arteries were much nar- 
rowed. The iliac artery was normal on both sides from the bifurcation. 
Histology: The thoracic aorta revealed marked fibrosis involving all layers, 
that is, the intima, media and adventitia. Disappearance of the elastica in the 
media was most conspicuous feature (Fig. 7). There was also mild infiltration 
of lymphocytes, monocytes, fibroblasts and other cells around the vasa vasorum 
in the media and at the border between the media and adventitia (Fig. 8). In 
the wall of the coeliac artery, there were also fibrosis and fragmentation of the 
elastica in the media, These lesions had the same character as in the thoracic 








YAMADA, ET AL.  aeanyE 





Fig. 7. Marked fibrosis involving 


all layers of the thoracic aorta. 
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Fig. 8. Vasa vasorum at the border Fig. 9. Diffuse fibrosis of the myocardium. 
between the media and adventitia (thoracic 


aorta). 


aorta, but was less pronounced. The wall of the heart showed diffuse and 
marked fibrosis, which was especially marked around the blood vessels (Fig. 9). 
This fact suggests that an angitis in the heart muscle caused such a fibrosis. 

Summarizing these necropsy findings, it may be said that this lesion was 
caused by the generalized chronic arteritis of the unknown origin. 


DISCUSSION 


The peculiar retinal change, anastomosis peripapillaris, was reported 
by Takayasu in 1908. At the same time, Kagoshima and Onishi 
reported separately the similar cases, whose radial pulses were non- 
palpable.” Pulseless disease was established in 1948 by Shimizu as 
a new Clinical entity with a triad, that is, no radial pulsation, character- 


istic eye change (hypotensive ophthalmoangiopathia), and hyperactive 
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carotid sinus reflex.»>* Pulseless disease is also called as Takayasu’s 
disease, idiopathic arteritis, young female arteritis,” primary arteritis,» >” >! 
branchial arteritis,' aortic arch arteritis,'?) and Martorell’s syndrome.'” 
Pathologically, tuberculosis has been said to be most suggestive as the 
cause of pulseless disease.*>*? Others suspect on rheumatic arteritis,'® 
allergic arteritis,” and collagen disease’ as the cause. Recently, athero- 
matosis has been said to be important as the cause of aortic arch syndrome. 
'),16 But there have been not so many necropsy cases to confirm the 
hypothesis, and we were able to review only 15 autopsy cases in Japan. 

We analyzed reports of so called “pulseless disease,” that is, the 
aortic arch syndrome without any proved cause, such as syphilis, primary 
atherosclerosis, thrombophilia etc. The heart involvement of aortic arch 
syndrome has been a matter of little concern up to the present except in 
a few reports. Abnormal heart findings were reported in 20 of 85 cases 
of so called pulseless disease outside of Japan.)>>-10518),17-29) Jn 
these cases the cardiac symptoms dominated the entire clinical pictures. 
The blood pressure was recorded in the legs in 49 patients and in 33 
cases of these the systolic pressure was higher than 160mm.Hg. The 
calcification of the aorta was registered in 8 cases clinically or by the 
postmortem examination. In Japan, Shimizu reported 5 cases with heart 
involvement. Of 139 clinical cases in Japan which we could study by 
literature, only 14 cases were described to have abnormal heart findings, 
one of which was diagnosed as having a valvular disease. The systolic 
blood pressure in the legs was registered in 13 of 35 cases to be greater 
than 160 mm. Hg. 

In autopsy series (Table 1),'?»°°-*” hypertrophy of the heart was 
found in 7 of 16 cases and valvular involvement was noticed in 3 cases, 
one of which was described as fibrous endocarditis. Considering the 


Table I. Autopsy Findings of 16 Cases of So-Called “ Pulseless Disease” 








1. Heart 
Hypertrophy with or without dilatation 7 cases 
IID pass nrnnsincisncnicnecs satsandiarcneiieccdivicesencsienniinblanmadiiaumnanmananss 2 cases 
Ee MINING iis ccdaincnasincacsedctceusenetanmaseiesneatubennncamibinnenmandamnaieniuimit 3 cases 
2. Sites of lesion in vascular system 
I, ii sicectcndnianecdsvntanincstscinanecednthiniaanbibeiaschsokansapbldiaabanal animate 16 cases 
MIN NMI a siciiieiciccn:csbucanichlciclnsnacete lash ttl tht i naleedana aici adaetisiamaadaaeas 12 cases 
Abdominal aorta . 10 cases 
Peenee: CURRED GAUTENG ARC WRRMICIIIE 6acecsicecsscsnncsncccesnrsacéaicsscatesnccseceness 9 cases 
I Gr SONI: S00 GP III ho rin nkcceansiconnnconneensnensaumenepasubiasasnunensasniintal 3 cases 
3. Etiological consideration 
Py sctiauniaanantntkaencidentandiisencandaseuininchebiea ad diuleuad adhe cadnadelisiaataiaandakaanbea cases 





Suspected angitis cases 


(Case 3 of the present report is included in this table.) 
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relationship between etiological factor of vascular lesion and cardiac 
involvement, 6 of 8 cases suspected to be primary or idiopathic arteritis, 
had hypertrophy of the heart or valvular lesion. But only one case was 
described to have cardiac hypertrophy among 7 cases which were suspected 
of the etiological relation to tuberculosis or allergic disease. Necropsy series 
also revealed that the vascular involvement of pulseless disease is not 
limited to the aortic arch and its branches, but descending aorta, 
abdominal aorta and middle sized arteries other than aortic arch branches 
were affected.” Deposits of calcium in the aorta were ascertained in 3 
cases. 

Summary of the symptoms and laboratory findings of 3 cases in the 
present report is as follows (Table I). Diminished or absent pulses, cardiome- 
galy, aortic calcification, positive C.R.P. reaction were recognized in all cases, 
while albuminuria and arthralgia were present in case | and 3. In case 


1 and 2, marked increase in erythrocyte sedimentation rate was noticed. 


Table II. 





Case | Case 2 Case 3 
46, female 


at 27, diminished 


Age, Sex 48, female 28, male 








History or initial 
symptoms 


Heart murmur 


Cardiomegaly 
E. C.G. 
Aortic calcification 


thoracic and 
abdominal aorta 


E. S. R. 
Cc. BR. P. 
Leukocyte count 


Eye ground 


Carotid sinus reflex 


Hypertension in the 
legs 


Arthralgia 
Erythema 


Tuberculin skin test 


Albuminuria 


radial pulsation, heart 
murmur; at 45, fever, 
dyspnea palpitation, 
giddiness 


vessel murmur, gallop 


left ventricular 
hypertrophy 


a 


very increased 
. 

3 

normal 


arteriolosclerotic 


change of K-W II 


mild 


positive 


at 33, diminished left 
radial pulsation; at 
47, palpitation, tachy- 
cardia, pain on the 
left temple 

vessel murmur, gallop, 


aortic diast. m. 


left ventricular 
hypertrophy 


thoracic + 


very increased 

6 | 

12,000 ~ 7,200 

K-W I 

? 
, but lower than 
B.P. in right arm 

? 

positive 


at 16, dyspnea, edema, 
palpitation; since 18, 
right coxalgia, and my- 
algia of the feet; at 
26, vertigo 


(vessel murmur), 
aortic diast. m., 
apical rumble 


+ 


left ventricular 
hypertrophy 


+ 
4. 


normal 


normal 


normal 


suggestive 


+ 


positive since 17 years 
old 


+ 
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Ophthalmoscopic examination revealed no retinal changes characteristic 
of pulseless disease. The response of carotid sinus reflex was moderate in 
case 1 and suggestive in case 3. 

Third case of this paper showed a marked hypertrophy of the heart, 
weighed 890 Gm. In this case, involvement of aortic valve was not ana- 
tomically remarkable. But from the clinical point of view, especially 
from heart murmur, aortic regurgitation was present at least functionally. 
The aortic insufficiency and heart failure played one of parts of causing 
marked hypertrophy of the heart and intense fibrosis of myocardium. But 
the fact that diffuse fibrosis of the cardiac wall is most conspicuous around 
the blood vessels, is suggestive of the heart lesion partly produced by the 
same cause as the generalized idiopathic arteritis. ‘he other 2 cases are 
suspected to have the same pathological changes as the third case from 
the similar clinical picture of these 3 cases. 

These cases suggest that there is a heart disease, that is, cardiomegaly 
and aortic calcification with aortic arch syndrome produced by the same 
cause as the generalized idiopathic arteritis. ‘Though the etiology of this 
disease is unknown as yet, such a condition can be separated from the 
pulseless disease as a specific clinical entity. 


SUMMARY 


Three cases of the aortic arch syndrome with cardiomegaly and aortic 
calcification as cardinal symptoms were reported. Fifteen necropsy cases 
of pulseless disease in Japan were reviewed chiefly about heart involvement, 
sites of lesion in vascular system and etiological consideration. 

These reported cases suggest that there is a heart lesion produced by 
the same cause as the generalized idiopathic arteritis. 


(The essential point of this paper with presentation of case 1 and 3 
was reported at the first congress of Japanese College of Angiology 
(September 20, 1960)) 
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THE JAPANESE CIRCULATION SOCIETY 


Program of 25th Annual Meeting 
June 29, 30, July 1, 1961 
Jichi-Kaikan and Clark Memorial Hall, Sapporo, Hokkaido 


Symposium I. Myocardial Metabolism 


Actomyosin-ATP system and catecholamine metabolism in the myocardium. M. Miyahara 
(Dept. of Int. Med., Sapporo Univ. of Med.) 

Myocardial metabolism in man with special reference to the effect of several hormones. 
Y. Ito (Dept. of Int. Med., Branch Hospital, Fac. of Med., Univ. of Tokyo) 
Myocardial metabolism, especially about protein metabolism. H. Matsubara (Prof. 
Aoyama’s Clin., Nagoya Univ., Sch. of Med.) 

1) Phosphate metabolism and coronary insufficiency. K. Nagahata and H. Miyashita 
(Ist Dept. of Int. Med., Fac. of Med., Univ. of Tokyo) 

2) Myocardial metabolism in coronary insufficiency. H. Miyashita (Ist Dept. of Int. 
Med., Fac. of Med., Univ. of Tokyo) 

Lipid metabolism in the myocardium. Y. Goto (Dept. of Int. Med., Sch. of Med., 
Keio Univ.) 

Vitamins and cardiac metabolism. K. Yamada (Prof. Yamada’s Clin., Nagoya Univ., 
Sch. of Med.) 


Symposium II. Long-term Prognosis in Cardiac Surgery 


Patent ductus arteriosus. T. Wada (Dept. of Surg., Sapporo Univ. of Med.) 

Mitral stenosis. T. Manabe (Prof. Takeda’s Clin. of Surg., Osaka Univ., Med. Sch. 
Pure pulmonary stenosis and ventricular septal defect. J. Hattori (Dept. of Surg., Tokyo 
Women’s Med. Coll.) 

Tetralogy of Fallot and atrial septal defect. M. Saigusa (Prof. Kimoto’s Clin. of Surg., 
Fac. of Med., Univ. of Tokyo) 

Comparative studies on operated and non-operated cases of acquired valvular heart 
disease. T. Ogata (Dept. of Surg., Fac. of Med., Kyoto Univ.) and C. Kawai (Dept. 
of Int. Med., Fac. of Med., Kyoto Univ. 

Prognosis of non-operated cases of congenital heart disease. K. Hirosawa (Institute for 
heart disease, Tokyo Women’s Med. Coll.) 

General comments. T. Kobayashi (Dept. of Int. Med., Branch Hospital, Fac. of Med., 
Univ. of Tokyo) 


Symposium III. Arrhythmia 


Underlying diseases of arrhythmias: Etiologic consideration. Y. Nohara (Prof. Maekawa’s 
Clin., Fac. of Med., Kyoto Univ.) 

Treatment and mechanism of premature beats, T. Sato (2nd Dept. of Int. Med., 
Hokkaido Univ., Med. Sch.) 

Arrhythmia of central nervous origin. H. Ueda (2nd Dept. of Int. Med., Fac. of Med., 
Univ, of Tokyo) 
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Arrhythmia and electrolytes. S. Hinohara (Dept. of Int. Med., St. Luke’s International 
Hospital) 

Hemodynamics in arrhythmias. C. Oguro (Prof. Nishikawa’s Clin., Niigata Univ., Sch. 
of Med.) 

Surgical involvements and arrhythmia. J. Fujimoto (Prof. Takeda’s Clin. of Surg., 
Osaka Univ., Med. Sch.) 


Memorial Lecture 


Pathological physiology of neurocirculatory asthenia and its allied diseases. M. Maekawa 
(Prof. of Med., Fac. of Med., Kyoto Univ.) 


Lecture by the Chairman 


Pathological physiology, especially circulatory dynamics in anaphylaxy shock. T. Torii 
(Prof. of Med., Hokkaido Univ. Med. Sch.) 


Presentation 


On the P-wave change in the electrocardiogram of hypertensives. K. Nakagawa and 
Y. Tomita (Dept. of Int. Med., National Nagoya Hospital) 

Electrocardiogram in the hypertensive patients. S. Sakahori et al. (Prof. Nakao’s Clin., 
Sch. of Med., Gumma Univ.) 

Long-term electrocardiographic evaluation of postoperative course of direct vision intra- 
cardiac surgery with the technique of hypothermia. I. Fukukei et al. (Prof. Hashimoto’s 
Clin. of Surg., Nagoya Univ., Sch. of Med.) 

Canceled. 

Evaluation of surgical indication and range of operability as viewed from preoperative 
electrocardiographic findings. Y. Gondo and T. Murase (National Tsukushi Hospital) 
Cases of coronary sclerosis and myocardial infarction, and their surgical risk. H. Nagaki, 
S. Hayashi, S. Miyagawa, M. Tamakuma, and J. Watanabe (Prof. Shimizu’s Clin. of 
Surg., Fac. of Med., Univ. of Tokyo) 

Clinical and anatomical evaluation of the diagnostic criteria of left ventricular hypertrophy, 
Sigma LVP. H. Mori, Y. Nishihara, and G. Murakami (Ist Dept. of Int. Med., Fac. 
of Med., Kyushu Univ.) 

Left ventricular hypertrophy in electrocardiogram and autopsy findings. M. Seki and 
K. Hashiba (Yokufu-kai Hospital) 

Electrocardiogram and autopsy findings of heart (3rd report): Morphological studies of 
the heart using large sliced preparation. T. Takamura et al. (Dept. of Int. Med., 
Kawasaki City Hospital) 

Comparison of thickness of cardiac wall and electrocardiogram (Ist report): Thickness 
measured by cineangiography and electrocardiogram. M. Takayasu, Y. Sano, K. Imatani, 
T. Morishima, M. Ito, and M. Hattori (Prof. Takayasu’s Clin., Prefectural Univ. of 
Mie) 

Analysis of diagnostic criteria of electrocardiogram in work load. T. Narusawa, K. Inoue, 
H. Noguchi, S. Nishinoiri, H. Niitani, and Y. Kawakami (Ist Dept. of Int. Med., 
Showa Med. Coll.) 

A trial of electrocardiographic diagnosis with electronic computer (Ist report): The trial 


manufacture of analytical equipment of electrocardiogram with the principle of two step 
procedure. E. Kimura and K. Mibu (Prof. Kimura’s Clin., Nippon Medical Sch.) 
Y. Iwai and S. Miura (Tech. Dept. of Toshiba Electronic Co.) 

Electrocardiogram and vectorcardiogram in congenital heart disease and valvular heart 
disease. $, Tasaka et al. (Ist Dept. of Int, Med., Fac, of Med., Univ, of Tokyo) 
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Vectorcardiographic studies of congenital heart disease. T. Hasegawa et al. (Prof, Kimoto’s 
Clin. of Surg., Fac. of Med., Univ. of Tokyo) 

Electrocardiographic and vectorcardiographic analysis of mitral valvular disease. N. Kimura 
et al. (Prof. Kimura’s Clin., Fac. of Med., Kurume Univ.) 

Clinical studies of vectorcardiogram (2nd report). M. Takayasu, A. Kato, and K. Hattori 
(Prof. Takayasu’s Clin., Prefectural Univ. of Mie) 

Comparison of two vectorcardiographic methods : Grishman’s and Frank’s leads. S. Toyama 
et al. (Prof. Donomae’s Clin., Osaka Univ. Med. Sch.) 

Vectorcardiogram of left ventricular hypertrophy: Comparison of SVECi;; method and 
Grishman method. C. Takeda et al. (Prof. Hibino’s Clin., Nagoya Univ., Sch. of 
Med.) 

Vectorcardiogram of old aged. S. Yamamoto, S. Haraoka, and K. Hashimoto (Prof. 
Kosaka’s Clin., Okayama Univ. Med. Sch.) 

Vectorcardiogram in cases of coronary sclerosis, especially about the T-loop in Hupka- 
Wenger leads. M. Takahashi, M. Kato, and H. Takahashi (Prof. Torikai’s Clin., Fac. 
of Med., Tohoku Univ.) 

Studies on the pulmonary circulatory dynamics in various cardiopulmonary diseases with 
radiocardiography. S. Miyamoto et al. (Prof. Miyamoto’s Clin. of Surg., Sch. of Med., 
Nihon Univ.) 

Surgical application of radiocardiography (2nd report): With special reference to exercise 
tolerance test. I. Akakura et al. (Dept. of Surg., Sch. of Med., Keio Univ.) 

Studies on the hemodynamics using radioisotope dilution technique with special reference 
to the analysis of rapid circulatory wave. H. Ueda et al. (2nd Dept. of Int. Med., 
Fac. of Med., Univ. of Tokyo) 

Diagnostic significance of dye-dilution method. T. Nakamura, R. Katori, T. Watanabe, 
K. Miyazawa, S. Naito, and T. Ishida (Prof. Nakamura’s Clin., Fac. of Med., Tohoku 
Univ.) 

Application of dye-dilution method in cardiac surgery (2nd report). Y. Kumoi, A. Ito, 
K. Onoda, Y. Kobayashi, and S. Murasaki (Dept. of Surg., Osaka Prefectural Hospital) 
Application of image intensifier in the diagnosis of heart disease (2nd report): Diagnosis 
of congenital heart disease by the cineangiocardiography. A. Mizuno et al. (Prof. 
Kimoto’s Clin. of Surg., Fac. of Med., Univ. of Tokyo) 

Evaluation of detection drive for cardiovascular diseases (3rd report): On the follow-up 
studies of border line cardiovascular diseases. H. Takahashi, T. Iwatsuka, E. Abe, 
K. Kuriyama, K. Nakagawa, and I. Ohhashi (Central Health Consulting Office of 
Aichi-Pref.) 

Results of cardiovascular examination in the old aged patients. S. Yamamoto, S. Haraoka 
and K. Hashimoto (Ist Dept. of Int. Med., Okayama Univ. Med. Sch.) 

Cardiac function of old aged: Cardiac enlargement and prognosis. K. Mori et al. 
(Yokohama Univ., Sch. of Med.) 

Experimental studies of coronary occlusion (continued report): With special reference to 
interarterial anastomosis. T. Nakamura et al. (Prof. Nakamura’s Clin., Fac. of Med., 
Tohoku Univ.) 

Long-term observation of experimental atrial infarction (2nd report). R. Furuya et al. 
(2nd Dept. of Int. Med., Tokyo Med. Coll.) 

On the several factors influencing the high SGO-T activity: Studies on myocardial 
infarction (8th report). M. Kuwabara et al. (Prof. Hibino’s Clin., Nagoya Univ., Sch. 
of Med.) 

Immunoserologic studies of heart diseases (2nd report): Relationship of myocardial in- 
farction with Latex fixation test. S. Shiina, Y. Yasuda, and Y. Fukuoka (Ist Dept. 
of Int. Med., Tokyo Med. and Dent. Univ.) 

Long-term clinical observations of myocardial infarction with special reference to recur- 
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rence. H. Ueda et al. (2nd Dept. of Int. Med., Fac. of Med., Univ. of Tokyo) 
Clinical pathology of myocardial infarction in geriatrics. K. Tsuneoka et al. (Dept. of 
Int. Med., Tokyo City Yoikuin Hospital) 

Diagnosis and incidence of angina pectoris. M. Maekawa et al. (Prof. Maekawa’s Clinic, 
Fac. of Med., Kyoto Univ.) 

Pathologic changes of coronary artery and myocardial fibrosis in older age, I. Donomae 
et al. (Prof. Donomae’s Clin., Osaka Univ. Med. Sch.) 

Studies on epidemiology of cardiovascular diseases with special reference to the relation- 
ship of incidence of coronary heart disease and diet. N. Kimura et al. (3rd Dept. of 
Int. Med., Fac. of Med., Kurume Univ.) 

On the effect of long-term administration of linolic acid on the arteriosclerosis. S. Miyao, 
M. Sugawara, K. Ohtsuka, K. Kurihara, T. Takeshita, and I. Anami (Institute of con- 
stitutional medicine, Kumamoto Univ. Med. Sch.) 

Effect of triiodothyropropionic acid on the experimental atherosclerosis and thyroid func- 
tion. S. Miyao, G. Mimura, M. Sugawara, K. Ohtsuka, and J. Kubota (Institute of 
constitutional medicine, Kumamoto Univ. Med. Sch.) 

On the effect of dietary protein on the experimental atherosclerosis. T. Katayama (Prof. 
Takaoka’s Clin., Nagasaki Univ. Med. Sch.) 

On the effects of adenine, uridine, inosine and ATP-Na on the lipid and carbohydrate 
metabolism (3rd report). S. Matsumoto et al. (Prof. Hayashi’s Clin., Tokyo Jikei-kai 
Sch. of Med.) 

Effects of fatty acid administration on the cholesterol metabolism. M. Wada, I. Yoshi- 
kawa, S. Matsuo, Z. Karita, T. Okishio, and T. Tada (Prof. Yoshida’s Clin., Osaka 
Univ. Med. Sch.) 

Studies on the lipoprotein lipase. S. Tsuji, T. Niimitsu, A. Nakada, Y. Fujisawa, and 
S. Kobayashi (Prof. Tsuji’s Clin., Kobe Med. Coll.) 

Tidal variation of serum cholesterol and relationship of serum total lipid and arterioscle- 
rosis. K. Ohshima, T. Yasugi, R. Takahashi, J. Mitani, T. Niimi, and T. Morita (Prof. 
Ohshima’s Clin., Sch. of Med., Nihon Univ.) 

Studies on experimental arteriosclerosis: On the changes after interruption of administ- 
ration of lanoline. S. Aoyama et al. (Prof. Aoyama’s Clin., Nagoya Univ., Sch. of 
Med.) 

Studies on arteriosclerosis and vitamin B,. K,. Yamada et al. (Prof. Yamada’s Clin., 
Nagoya Univ., Sch. of Med.) 

Relationship of distensibility of arterial wall and arteriosclerotic factors. M. Kato, 
M. Takahashi, H. Takahashi, and T. Suzuki (Prof. Torikai’s Clin., Fac. of Med., Tohoku 
Univ.) 

Effects of MER-29, protein-anabolizing hormone and dextran sulfate on atherosclerosis. 
N. Kimura et al. (Prof. Kimura’s Clin., Fac. of Med., Kurume Univ.) 

Studies on arteriosclerosis with special reference to lipomobilizing factor. M. Murakami 
et al. (Prof. Murakami’s Clin., Sch. of Med., Kanazawa Univ.) 

Experimental studies of the effects of lipid intake on the thrombolysis. M. Matsuoka, 
G. Oguchi, S. Furuta, N. Minemura, T. Matsuoka, and T. lida (Prof. Matsuoka’s Clin., 
Sch. of Med., Shinshu Univ.) 

A new finding about the mechanism and prevention of thrombus formation, especially 
new type of anti-thrombotic agent: Studies on arteriosclerosis (continued report). T. 
Shimamoto et al. (Prof. Shimamoto’s Clin., Tokyo Med. and Dent. Univ.) 

Studies on clinical application of anti-thrombotic action of monoamine oxidase inhibitor. 
T. Shimamoto et al. (Prof. Shimamoto’s Clin., Tokyo Med. and Dent. Univ.) 

On the tubular transport mechanism of amino acid (5th report): Analysis of transport 
mechanism by the stop flow method. T. Yoshida et al. (Prof. Yoshida’s Clin., Osaka 
Univ. Med. Sch.) 
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55. On the tubular transport mechanism of foreign bodies (6th report): Studies of excretory 
mechanism of sulfa drugs by the stop flow method. T. Yoshida et al. (Prof. Yoshida’s 
Clin., Osaka Univ. Med. Sch.) 

56. Studies on renal ATPase (2nd report), M. Maekawa, K. Ogino, S. Kimura, and M. 
Matsunaga (Prof. Maekawa’s Clin., Fac. of Med., Kyoto Univ.) 

57. On the effects of degree of damage of Masugi’s nephritis on hematopoietic function and 
the effects of chlorpromazine and histamine on the production of Masugi’s nephritis, 
S. Ohtani et al. (Prof. Oda’s Clin., Osaka City Univ., Med. Sch.) 

58. Serologic studies on the diffuse glomerulonephritis. N. Kusunoki et al. (Prof. Kusunoki’s 
Clin., Fukushima Med. Coll.) 

59. Studies on renal vascular damages, especially on the vascular lesions of experimental 
nephritis. S. Shibata, N. Mimura, T. Nagasawa, and T. Takuma (3rd Dept. of Int. 
Med., Fac. of Med., Univ. of Tokyo) 

60. Fine structure of tubular cells in experimental nephritis and their ferment activity. K. 
Ohshima et al. (Prof. Ohshima’s Clin., Sch. of Med., Nihon Univ.) 

61. Studies on the renal function and morphology. S. Asano et al. (Prof. Aizawa’s Clin., 
Sch. of Med., Keio Univ.) 

62. Function and structure of the kidney (2nd report): Clinical and renal biopsy findings in 
the old aged and cases of essential hypertension. M. Maekawa et al. (Prof. Maekawa’s 
Clin., Fac. of Med., Kyoto Univ.) 

63. On the correlation of skin capillary findings with renal biopsy findings in the essential 
hypertension and nephritis. T. Shiota, J. Sawada, H. Kawai, T. lehara, M. Sakai, and 
Y. Akazawa (Dept. of Int. Med., National Kyoto Hospital) 

64. Electron microscopic observation of diseased renal tubules. K. Kinoshita, S, Fujisaki, 
G. Ohsawa, and K. Kojima (Prof. Kinoshita’s Clin., Niigata Univ., Sch. of Med.) 

65. Effects of splanchnic nerves on renal function (3rd report). T. Takahashi et al. (Ist 
Dept. of Int. Med., Tokyo Jikei-kai Sch. of Med.) 

66. Experimental studies on the nervous control of the renal circulation (continued report): 
Changes in renal circulation induced by electrical stimulation of the diencephalon and 
effect of several drugs on the circulatory responses. J. Takeuchi et al. (2nd Dept. of 
Int. Med., Fac. of Med., Univ. of Tokyo) 

67. Contribution of baroreceptor in the experimental renal hypertension. Z. Masuyama, 
Y. Yamanaka, Y. Ohno, Y. Yoshitoshi, and S. Tasaka (Ist Dept. of Int. Med., Fac. of 
Med., Univ. of Tokyo) and N. Sugiyama, T. Murata, H. Suzuki, and E. Shimizu (2nd 
Dept. of Int. Med., Showa Med. Coll.) 

68. Effect of adenine, ATP and FAD on the experimental nephrosis induced by aminonu- 
cleosides. K. Kinoshita et al. (Prof. Kinoshita’s Clin., Niigata Univ., Sch. of Med.) 

69. On the several factors related to the prognosis of nephrotic syndrome. S. Miwa et al. 

(Prof. Miwa’s Clin., Chiba Univ., Sch. of Med.) 

70. Studies on pyelonephritis (Ist report). S. Imura, M. Nakano, K. Oka, A. Shirai, M. 
Takasugi, and K. Maeda (3rd Dept. of Int. Med., Fac. of Med., Kyushu Univ.) 

71. On the significance of changes in serum caeruloplasmin levels in various cardiovascular 
diseases. E. Shimizu et al. (2nd Dept. of Int. Med., Showa Med. Coll.) 

72. Studies on renal hypertension, especially on the antihypertensive substance. Y. Ueda et 
al. (Prof. Ueda’s Clin., Tokyo Jikei-kai Sch. of Med.) 

73. Serum lipids in hypertensive patients, especially related with renal function. R. Sakaguchi, 
H. Fujii, and K. Kimura (Prof. Mitsuse’s Clin., Yamaguchi Med. Coll.) 

74. On the interrelation of obesity, hypertension and serum cholesterol. J. Ishida et al. 
(Dept. of Int. Med., Sch. of Med., Keio Univ.) 

75. Studies on hypertension. Relationship of renal vascular change with hypotensive effects. 
Y. Ueda et al. (Prof. Ueda’s Clin., Tokyo Jikei-kai Sch. of Med.) 

76. Studies on experimental hypertension: Metabolism and hypertension. T. Tomomatsu et 
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al. (Prof. Tomomatsu’s Clin., Kobe Med. Coll.) 

Studies on hypertension (continued report): On the catecholamine metabolism of hyper- 

tensive patients and the effects of antihypertensive drug on the catecholamine metabolism. 

K. Ohshima et al. (Prof. Ohshima’s Clin., Sch. of Med., Nihon Univ.) 

Clinical studies on hypertension (3rd report): Drug test in juvenile essential hypertension 
on regitine and mecholyl tests). M. Mikami et al. (Prof. Mikami’s Clin., Tokyo 

Women’s Med. Coll.) 

Clinical analysis of juvenile hypertension. H. Iwabuchi et al. (2nd Dept. of Int. Med., 

Juntendo Univ. Med. Sch.) 

Clinical observation on the 188 cases of admitted hypertensive patients. K. Kusui and 

T. Kusui (2nd Dept. of Int. Med., Wakayama Med. Coll.) 

Clinical pathology in malignant hypertension (4th report): Especially on the cases of 

improved fundoscopic findings. T. Takahashi et al. (Ist Dept. of Int. Med., Tokyo 

Jikei-kai Sch. of Med.) 

On the blood pressure fall due to the rest. R. Shigiya et al. (lst National Hospital of 

Tokyo) 

Studies on hypertension (2nd report): Blood pressure fluctuation by postural change and 

the effects of various antihypertensive drugs in hypertensive patients. J. Atarashi et al. 

Prof. Atarashi’s Clin., Nippon Med. Sch.) 

Indirect method of blood pressure measurement in canine by the use of carotid bridge, 

and antihypertensive action of the liver in the experimental hypertension. S. Aoki, K. 

Sakamoto, B. Tabata, D. Toyohara, N. Ohnishi, and N. Ito (Ist Dept. of Surg., Kobe 

Med. Coll.) 

Clinical studies on antihypertensive action of tangle. S. Ohsato (Fukushima Med. Coll.) 

and G. Oda (Minsei Hospital, Akita Pref.) 

Studies on experimental cor pulmonale (10th report): On the hypertensive mechanism 

of dogs infused with synthesized resin. S. Aoyama, H. Matsubara, F. Suzuki, T. Satake, 

A. Ando, and M. Kataoka (Prof. Aoyama’s Clin., Nagoya Univ., Sch. of Med.) 

Electron microscopic studies on the alveolar capillary in the experimental pulmonary 

edema. S. Mizuno and K. Niitani (Prof. Ohike’s Clin., Sch. of Med., Hirosaki Univ.) 

Experimental studies on pulmonary edema (5th report): Biochemical and pathologic ob- 

servations of pulmonary edema induced by intrapleural infusion of hypertonic fluid (Part 

1). T. Hagiwara et al. (Ist Dept. of Int. Med., Sch. of Med., Nihon Univ.) 

Cardiac function in the postoperative acute pulmonary edema. J. Wakizaka et al. (Prof. 

Wakizaka’s Clin. of Surg., Fac. of Med., Kurume Univ.) 

Studies on the nervous control of pulmonary circulation. M. Urabe et al. (Ist Dept. 

of Surg., Sch. of Med., Kanazawa Univ.) 

Clinical and experimental studies on the pulmonary and coronary circulation. H. 

Sasamoto et al. (Prof. Ishida’s Clin., Sch. of Med., Keio Univ.) 

Cardiopulmonary function of the patients of pneumoconiosis. I. Ogawa, T. Shimada 

(Kumamoto Rosai Hospital), T. Yasutake, and E. Honda (Prof. Kawamori’s Clin., 

Kumamoto Univ. Med. Sch.) 

Pulmonary circulation in pulmonary tuberculosis: Influence of age on the pulmonary 

circulation. S. Takagi et al. (Kaizuka Sengokuso National Sanatorium) 

Analysis of the pulmonary diffusion: I. The studies on silicosis and silicotuberculosis. 

S. Koike, T. Momose, T. Shiraishi, T. Uzawa, E. Yokoyama, M. Murao (2nd Dept. 

of Int. Med., Fac. of Med., Univ. of Tokyo), M. Mochizuki, K. Ishitani (Research 

Institute of Applied Electricity, Hokkaido Univ.) S. Sadakata, T. Yusa, K. Soda, and 

A. Abe (Silicosis Workman’s Accident Hospital) 

Studies on the significance of oxygen uptake in exercise (4th report): Relationship of 


oxygen uptake in exercise with pulmonary arterial pressure in various diseases and a trial 
consideration concerning the classification of pulmonary arterial pressure patterns. F. 
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Nagahama et al. (Ist Dept. of Int. Med., Hokkaido Univ. Med. Sch.) 
On the ATP injection test for the determination of severity of mitral stenosis. K. Kawa- 
zoe, K. Ohishi, H. Masaki, and M. Nishimura (Prof. Nishimura’s Clin. of Surg., Fac. 
of Med., Kurume Univ.) 
Pulmonary artery pressure in the hypercapnea: Effects of morphine, theophylline-ethylene- 
diamine administration. J. Mise, H. Kuranari, S. Moriyama, H. Hirama, I. Fujino, 
and K. Kimura (Prof. Mise’s Clin., Yamaguchi Med. Coll.) 
Cardiopulmonary function of the patients showing chronic respiratory acidosis and alka- 
losis. J. Mise, S. Moriyama, S. Takeshita, and Y. Hitsumoto (Prof. Mise’s Clin., Yama- 
guchi Med. Coll.) 
Experimental studies on the electrolyte metabolism in the pulmonary insufficiency. H. 
Sasamoto et al. (Prof. Ishida’s Clin., Sch. of Med., Keio Univ.) 
Pulmonary function test indicating the intrathoracic pressure. K. Harada, I. Moppo, 
O, Ohta, and T. Ochi (Prof. Takahashi’s Clin., Sch. of Med., Tokushima Univ.) 

(to be continued) 


THE JAPANESE SOCIETY OF INTERNAL MEDICINE 


Program of 58th Annual Meeting 
July 1-3, 1961 


Sapporo City Hall, Sapporo 
(Only the topics relating to cardiology are selected) 


Disorders in high-energy phosphate bond system (9th report). M. Maekawa, K. Ogino, 
T. Kimura, M. Matsunaga, K. Ikeda, and K. Nakamoto (Prof. Maekawa’s Clin., Kyoto 
Univ.) 

Studies on myocardial actomyosin (4th report): With special reference to the tension 
production of glycerol myocardium and ATP-ase activity. M. Miyahara, M. Yokoyama, 
Y. Nagasaki, and Y. Kanashiro (Dept. of Int. Med., Sapporo Univ. of Med.) 

Studies on the regulation of circulatory and respiratory system (14th report): I. Postural 
changes in cardiac output. II. Circulatory and respiratory changes in stimulation of 
mid-brain. H. Ueda et al. (2nd Dept. of Int. Med., Univ. of Tokyo) 

Studies on the venous return (4th report): Systemic distribution of venous return in high 
output, especially regulation of the renal venous blood flow. T. Tomomatsu et al. 
(Ist Dept. of Int. Med., Kobe Med. Coll.) 

On the relationship of atrial fibrillation and atrial flutter-fibrillation: Clinical and ex- 
perimental studies on the arrhythmia absoluta (4th report). K. Azuma et al. (2nd Dept. 
of Int. Med., Tokyo Med. Coll.) 

Studies on vectorcardiography with the application of V-lead. M. Takayasu, N. Sano, 
Y. Tateishi, A. Kato, and K. Hattori (Prof. Takayasu’s Clin., Prefectural Univ. of Mie) 
Genesis and clinical significance of ST-T changes in electrocardiogram in gastrointestinal 
diseases. E. Kimura et al. (Prof. Kimura’s Clin., Nippon Med. Sch.) 

Studies on the relationship of damaged organs and hemodynamics (3rd report): Electro- 
cardiographic changes in cerebral vascular damage. T. Takahashi et al. (Ist Dept. of 
Int. Med., Tokyo Jikei-kai Sch. of Med.) 

Relationship of brain and heart as viewed from electrical pace-maker. K. Nonami, 
M. Honda, and M. Ishida (Dept. of Int. Med., The 2nd National Hospital of Tokyo) 
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Circulatory functions in geriatrics. K. Mori et al. (Prof. Mori’s Clin., Yokohama Univ. 
Sch. of Med.) 
Investigation of geriatric heart disease: Electrocardiography and its clinical pathology. 
K. Tsuneoka et al. (Dept. of Int. Med., Affiliated Hospital of the Asylum for the aged 
of Tokyo City) 
Studies on ballistocardiogam in holding breath. Y. Ohike, K. Onodera, R. Imada, T. 
Matsui, Y. Kanda, and H. Ohmine (Prof, Ohike’s Clin., Sch. of Med., Hirosaki Univ.) 
Studies on cerebral circulation (10th report). T. Aizawa et al. (Prof. Aizawa’s Clin., 
Sch. of Med., Keio Univ.) 
Studies on cerebral vascular lesion: Vascular changes in hypertensive cerebral bleeding 
and their clinical pathology. M. Kameyama, E. Ohtomo, M. Seki, and T. Shinohara 
(Yokufukai Hospital) 
Studies on pulmonary hypertension (5th report): Effect of hypercapnea on the pulmonary 
arterial pressure. J. Mise et al. (Prof. Mise’s Clin., Yamaguchi Med. Coll.) 
Studies on the pathophysiology of hypertensive patients (5th report): Relationship of 
blood pressure level with patients’ environments, clinical findings and prognosis. T. 
Wakabayashi et al. (Prof. Wakabayashi’s Clin., Fukushima Med. Coll.) 
Comparison of serum cholesterol concentration and clinical findings in the essential 
hypertension. M. Tanno (Dept. of Int. Med., Sendai City Hospital) 
Function of hypothalamico-adrenal system in essential hypertension. -M. Nishikawa et al. 
(Prof. Nishikawa’s Clin., Niigata Univ. Sch. of Med.) 
Clinical analysis of effectiveness of new antihypertensive drugs and several underlying 
problems. S. Saito et al. (2nd Dept. of Int. Med., Chiba Univ. Sch. of Med.) 
Long term control and therapeutic results in hypertension. S. Yamaoka et al. (Dept. of 
Int. Med., Yokohama Keiyu Hospital) 
Studies on blood pressure of populations engaged in agriculture, dairying, and fishery in 
the Iwate-Prefecture (9th report): Comparison of blood pressure, diet and serum lipid 
in farmers and dairy-men. T. Kimura et al. (2nd Dept. of Int. Med., Iwate Med. 
Coll.) 
Studies on arteriosclerosis: Experimental atherosclerosis produced by feeding of neutral 
fat and the metabolism of serum lipid. K. Ohshima, T. Yasugi, T. Takahashi, J. 
Mitani, and T. Niimi (Prof. Ohshima’s Clin., Sch. of Med., Nihon Univ.) 
Studies on arteriosclerosis. M. Murakami et al. (2nd Dept. of Int. Med., Sch. of Med., 
Kanazawa Univ.) 
Experimental studies on the relationship of genesis of arteriosclerosis with blood coagula- 
tion. M. Matsuoka et al. (Prof. Matsuoka’s Clin., Sch. of Med., Shinshu Univ.) 
Effects of various diet on serum biochemical constituents: Studies on arteriosclerosis 
(continued report). K. Ariga et al. (Prof. Ariga’s Clin., Sch. of Med., Nihon Univ.) 
Genesis and prevention of arteriosclerosis and arteriosclerotic disease: On the finding 
of antithrombotic drugs of new type. T. Shimamoto et al. (Prof. Shimamoto’s Clin., 
Tokyo Med. and Dent. Univ.) 
Studies on arteriosclerosis: II. Effects of desoxycholic acid and apocholic acid on arte- 
riosclerosis. Y. Asagoe et al. (Prof. Asagoe’s Clin., Sch. of Med., Tottori Univ.) 
Therapeutic effect of high protein diet and protein anabolizing hormone on arteriosclerosis. 
N. Kimura et al. (3rd Dept. of Int. Med., Fac. of Med., Kurume Univ.) 
Consideration about the lipolytic effect of several inhibitory drugs for arteriosclerosis. 
T. Tohno, Y. Ishimaru, Y. Kawashima, M. Suda, and T. Miyamoto (Dept. of Int. 
Med., Central Hospital of Social Insurance Co.) 
Studies on the therapy of arteriosclerosis with special reference to the vitamin B,. K. 
Yamada et al. (Prof. Yamada’s Clin., Nagoya Univ., Sch. of Med.) 
Diagnostic significance of serum GOT, GPT and alkaline phosphatase. Y. Wada, Y. 
Minagawa, Y. Tomita, K. Okumura, N. Yamamoto, and E, Ito. (Dept. of Int. Med., 
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National Nagoya Hospital) 

Studies on apoplexy (continued report): On the hemorrhagic diathesis and coagulation 
factor of old aged, especially cases of cerebral vascular lesion. J. Atarashi et al. (Prof. 
Atarashi’s Clin., Nippon Med. Sch.) 

Studies on the autonomic and humoral regulatory mechanism: 3) Histochemical studies 
of autonomic innervation in the circulatory system—The distribution of monoamine- 
oxidase, noradrenaline-like fluorescent substance, and cholineesterase. S. Okinaka (Prof. 
Okinaka’s Clin., Fac. of Med., Univ. of Tokyo) 

Clinical observation of diabetes mellitus (5th report): Disturbances of lipid metabolism in 
diabetes mellitus. S. Uematsu et al. (Ist Dept. of Int. Med., Nagoya City Univ., Sch. 
of Med.) 

Therapeutic results in mild diabetes mellitus: The therapeutic scope and significance of 
oral drugs. N. Kuzuya, T. Ito, K. Ishiwata, and T. Ide (Dept. of Int. Med., Torano- 
mon Hospital) 

Urinary excretion of aceton body and glucuronide in diabetes mellitus. J. Uraki, M. 
Tasaka, Y. Mizuiri, and K. Nanbu (Ist Dept. of Int. Med., Hiroshima Univ., Sch. of 
Med.) 

Studies on the metabolism in diabetes mellitus. M. Nakayama et al. (Dept. of Int. 
Med., Tokyo Women’s Med. Coll.) 

Renal damage in diabetics: Especially on proteinuria. Y. Nabeshima et al. (Dept. of 
Int. Med., Saiseikai Central Hospital of Tokyo) 


THE JAPANESE SOCIETY OF INTFRNAL MEDICINE 


Program of 133rd Kanto District Meeting 
September 2, 1961 
Japanese Medical Association Hall, Tokyo 


(Only the topics relating to cardiology are selected) 


Two cases of paroxysmal atrial tachycardia with A-V block. M. Suzuki (Dept. of Int. 
Med., Second National Hospital of Tokyo) 

A case of acute digitalis intoxication. E. Watanabe, M. Maeda, T. Kondo, and T. 
Suzuki (Prof. Miwa’s Clin., Chiba Univ., Sch. of Med.) 

An autopsy case of mitral valve disease and enormous left atrium. E. Uchida, S. Yagi, 
A. Kuroiwa, M. Shiba, S. Murao, and H. Ueda (Prof. Ueda’s Clin., Fac. of Med., 
Univ. of Tokyo) 

A case of dissecting aneurysm. A. Chiba, T. Ushiama, and Y. Shindo (Prof. Mori’s 
Clin., Yokohama Univ., Sch. of Med.) 

A case of basilar arterial thrombosis. E. Satoyoshi and K. Abe (Prof. Abe’s Clin., Sch. 
of Med., Toho Univ.) 

A case of Van der Hoev’s syndrome complicated with rheumatic fever. O. Yokota, 
T. Taoka, and T. Kuwashima (Prof. Tasaka’s Clin., Fac. of Med., Univ. of Tokyo) 
Serum mucoprotein in obese patients. T. Aizawa, Y. Goto, H. Wakamatsu, and K, Ito. 
(Prof. Aizawa’s Clin., Sch. of Med., Keio Univ.) 
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in congestive heart failure, 454 
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pressor substances, 508-510 

and renal blood flow, 65-76, 368-376 

responses of isolated smooth muscle 
strips in hypertensive rat, 513-515 

role of sympathetic nerve, 515 


splanchnic nerve stimulation, 66-68, 
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vagal nerve stimulation, 69, 71-72, 
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in experimental pulmonary edema, 
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anterior spinal artery occlusion, 339-351 
cerebral vessel, innervation of, 338 
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Brain. See Cerebrovascular conditions & 
Nervous system 
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role of baroceptors in hypertensive dogs, 
512-513 
Catecholamines 
effect on renal hemodynamics, 374 
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and hypertension, 1-6 
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hypertension, 516-517 
and vitamin B,, 282 
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artery occlusion, 339-351 
circulation, regulation of, 349 
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hemorrhage 
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experimental, 338-351 
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351 
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standard of diagnosis of, 135 
treatment of, 141-146 
softening, 340-351 
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aberrant ventricular conduction, 397-403 
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aneurysm of pulmonary artery, 404-411 
conduction system of heart, 377-396 
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197 
Coprosterol, 354 
Coronary artery disease 
and cineangiography, 277 
roentgenology of pulmonary complication 
in, 298-308 
treatment of, by internal mammary 
artery ligation, 473-486 
and vectorcardiography, 210-219 
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Dextran sulfate, 281-296 
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Electrocardiography 
in bronchial asthma, 524-537 
electric field, 112 
hypertonic saline injection, 84-86 
in neurosurgical lesion, 92-111 
after surgical treatment of coronary artery 
disease, 473-486 
ST-T change in arteriosclerosis, 283 
in thiamine deficient rats, 42-64 
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Endomyocardial fibrosis, 221-255, 265-275 
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Heart 
arrest, vagal nerve stimulation, 369 
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anemic, 279 
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cardiac output, 309-324 
cells, 305 
congenital aneurysm of pulmonary 
artery, 404-411 
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and endomyocardial fibrosis, 265-275 
hyperthyroidism, 279 
metabolic and non-metabolic, 279 
thiamine deficiency, 279 
ventilatory mechanics in, 325-337 
output. See also Blood flow 
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effect on renal circulation, 374 
succesive measurement of, by external 
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Heart sounds. See also Phonocardiography 
in anemia, 422 
in arrhythmia, 422 
effect of arrhythmia on, 435 
effect of partial A-V block on, 435 
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Q-I interval in normal, 431, 440 
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2nd sound in normal, 426 
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splitting of 2nd sound, 430, 440 
tripple rhythm, 421 
Hemodynamics. See also Blood flow 
in cerebral sclerosis, 135, 140 
pulmonary circulation, in experimental 
pulmonary edema, 157-164 
renal circulation, nervous control of, 65- 
76, 368-376 
Hemorrhage, cerebral 
experimental, 338-353 
by neosynephrine, 350 
Heparin, lipemic clearing factor, 282-296, 365 
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Hypertension. See also Blood pressure 
blood pressure in, 449 
renal, role of neural factors, 505-523 
renal blood flow in, 449-459 
retinal finding in, 448 
treated by cerebroside, 363-367 
urinary catecholamine excretion 1-6, 516- 
517 
Hyperthyroidism. See Thyrotoxicosis 
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Indicator dilution curve 
combined with right and left heart cathe- 
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pulmonary, in experimental pulmonary 
edema, 160 
Infarction 
cerebral, by occlusion of cerebral artery, 
351 
myocardial, 279 
arrhythmia, 397 
cardiac reserve in, 323 
electrocardiographic change after 
surgical treatment of, 473-486 
endocardial change, 238-255 
roentgenology of pulmonary compli- 
cation in, 298-308 
treatment of, by internal mammary 
artery ligation, 473-486 
subendocardial, and endocardial change, 
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Ischemia, brain parenchyma, 349 
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K 
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renal circulation 
effect of cardiac output, 374 
nervous control of, 65-76, 368-376 
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cerebroside sulfate, 357, 367 
clearing factor, 281-296 
dextran sulfate, 281-296 
experimental study of, in rabbits, 198-209 
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209, 493-504 
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cardiac output in, 309-324 
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Lungs. See Pulmonary conditions 
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Medical research, the need for, 131-132 
Mitral valve 
arrhythmia, 339 
and endocardial change, 224-255 
insufficiency, heart sound of, 421 
roentgenology of pulmonary complication 
in, 297-308 
stenosis, heart sound of, 421-425 
and insufficiency, 298 
Murmur. See also Phonocardiography 
Carey Coombs’ murmur, 38 
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infarction. See Infarction 
metabolism in, 278 
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Neosynephrine, and cerebral hemorrhage, 
300 
Nephritic conditions. See Kidneys 
Nervous system 
central, treatment with cerebroside, 363 
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femoral and sciatic nerve, and renal cir- 
culation, 70-71, 371 
nervous control of renal circulation, 65-76 
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neurosurgical lesions, electrocardiographic 
patterns in, 92-111 
preoptic area, and experimental pulmo- 
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splanchnic nerve and renal circulation, 
368 
sympathetic nerve in experimental hy- 
pertension, 515 
vagal nerve and renal circulation, 69, 71, 
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Nitrous-oxide, for diagnosis and localization 
of shunts, 277 
Norepinephrine. See Catecholamines 
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Pacemaker, electric, and complete A-V block, 
377 
Pancreatitis, with congenital aneurysm of 
pulmonary artery, 404-411 
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constrictive, 273 
Pleuropericarditis, 300 
rheumatic, 300 
Phonocardiography, 421-425. See also Heart 
sounds & Murmur 
acute rheumatic carditis, 28-41 
aortic regurgitation, 7-27 
normal, in Japanese, 426-442 
Phospholipids. See Lipid 
Phrenosin, action of Thudichum’s white mat- 
ter to, 354 
Pneumonia. See Pulmonary conditions 
Prothrombin time, and cerebroside, 358, 361 
Pulmonary conditions 
carcinoma, 256-264 
in cardiovascular disease, 298-308 
edema 
antidiuretic substance, 161 
ANTU, 164 
in cardiovascular disease, 298-308 
catecholamines, 162 
classification of clinical cases, 149 
fibrinolytic enzyme, 162 
5-nucleotidase activity, 162 
histamine, 162 
incidence of, in autopsy cases, 150 
lipid metabolism, 162 
pathogenesis of central origin 147 
169 
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laries, 162 


phosphatase activity, 162 
polysaccharide metabolism, 162 
pulmonary lymphatic flow, 161 
RNA metabolism, 162 
17-hydroxycorticosteriod, !61 
17-ketosteroid, 161 
sympathetic nerve, 162 
vagal nerve, 163 
VDM, 162 
endocardium in pulmonary disease, 220- 
255 
fibrosis 
effect of prednisolone, 177 
regitine test, 175 
infarction 
in aortic insufficiency, 299 
in cardiovascular disease, 304-306 
in combined valvular disease, 300 
in endomyocardial fibrosis, 301 
hemosiderosis, 305 
hypertension, 304 
nodulation in cardiovascular disease, 299, 
304, 305 
tuberculosis, 298 
ventilatory mechanics 
in cardiopulmonary disease, 170-179, 
325-337 
in emphysema, 325-337 
in fibrosis, 170-179, 325-337 
Pulmonary valve 
and endomyocardial change, 224-255 
insufficiency, heart sound of, 421 
stenosis, heart sound of, 421 
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Radioactive 
cholesterol, turn over rate of, 355 
gold, and hepatic blood flow, 460-472 
heparin, 282 
krypton, for the diagnosis and localization 
of shunts, 277 
radioiodinated serum albumin in cardiac 
output study, 309-324 
sulfate, in experimental atherosclerosis, 
502-503 
Radiocardiography 
cardiac output, 310 
pulmonary circulation, 310 
Recalcification time, cerebroside sulfate, 357 
361 


Regitine, in cardiopulmonary disease, 175 
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in hypertension, 448 
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artery anastomosis, 191 
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Roentgenology, of pulmonary complication in 


cardiovascular disease, 297-308 
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Syphilitic heart disease 
cardiac change, 233-255 


roentgenology of pulmonary 


tion, 298-308 
Sarcoplasmic reticulum, 278 
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cholesterol. See Cholesterol 
protein, in experimental 

edema, 158 
Surgery 

aortic aneurysm, 119-129 


cardiac, 277 


coronary artery disease, 473-486 
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Thrombin-fibrinogen reaction, and cerebro- 


side sulfate, 358, 361, 362 
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anti-, action of cerebroside 
generation test, 358, 361 
Thrombosis, cerebral, 349 
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Vv 


Valvular heart disease. See also specific 
valve 
combined, roentgenology of pulmonary 


complication, 297-308 


complica- and vectorcardiography, 210-219 
Vasodilator, in cerebral circulation, 142 
Vectorcardiography, 210-219 

vector concept in electrocardiography, 
112-118 
pulmonary Ventricle 


septal defect 
conduction system of the heart in, 
377-396 
with congenital aneurysm of pulmo- 
nary artery, 404 
and endocardial change, 226-255 
single ventricle, superior vena cava-pul- 
monary artery anastomosis, 191 
Vitamin B, 
beriberi heart disease, 274 
experimental study on, 42-64 
Vitamin B, 
defficiency and secretion of xanthurenic 
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treatment of arteriosclerosis, 281-286 
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